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EDITORIAL. 


Le present volume est dedie a 
la memoire de 1’eminent chimiste- 
theoricien et philosophe tcheque 
FRANgOlS WALD. Primitive- 
ment il a ete con§u comme nu- 
mero jubilaire pour le 70 Rnil> an- 
niversaire du professeur Wald 
(9 1 1931). Helas, peu de temps 
avant cette date le deces de notre 
regrette savant (19/X 1930) a cruel- 
lement change la publication jubi¬ 
laire en commemorative. 

L’edition nous en a ete facilitee 
non seulement par Ies nombreux 
auteurs de memoires, mais encore 
par l’efficace concours materiel de 
plusieurs de nos importants eta- 
blissements industriels. C’est aux 
societes suivantes que s’adressent 
nos remerciements tres sinceres: 


This volume is dedicated to the 
memory of the prominent Czech 
theoretical chemist and philosopher 
Professor FRANCIS WALD. 
Originally it was intended as 
a jubilee number in honour 
of Professor Wald’s seventieth 
birthday (January 9 th 1931), yet 
closely before that date his death, 
on October 19 th cruelly changed 
the festival publication into a com¬ 
memorative one. 

The preparation of this volume 
was not only aided by the numerous 
scientific contributors but equally 
willingly by many of our important 
industrial undertakings, who have 
supported this publication finan¬ 
cially. Our sincere thanks in this 
respect are especially due to the: 
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THE LIFE OF PROFESSOR FRANCIS WALD 
by J. BABOROVSKY. 


Professor Francis Waid was born on January 9, 1861 at Bran- 
dysek near Slany in Bohemia, where his father, a German immi¬ 
grant from Chemnitz, was a foreman in the workshops of the 
“State-Railway Company”. His mother too was of German origin, 
from Nydek (Neudeck) near Karlovy Vary (Karlsbad). Francis was 
their youngest child and only son; when he lost his father he was 
in the tenth year of his age. Already in his early youth he showed 
a remarkable resoluteness and independence of mind. Growing in 
an entirely Czech environment he went, when he was only five 
years old, to a private Czech school in his birth-place and later on 
a public Czech school at K1 a d n o, whither his parents moved after 
the Prussian war. There he had a very good teacher Joseph Halek, 
who inspired him especially for mathematics and of whom he retained 
a lifelong pleasant memory. Then he attended the first class of the 
Czech State-Middle-School (“Real School”) at Prague, but having ob¬ 
tained a bursary from the “State-Railway Company” he was obliged 
to visit the corresponding German Real School in the same city. 
There he was influenced by several patriotic Czech teachers and, as to 
his scientific development, especially by the German Joseph Richter, 
to whom he dedicated in 1889 his book “Die Energie und ihre 
Entwertung”. After that he entered the chemical department of the 
German College of Technology at Prague leaving it in 1882 without 
passing the final examination, which was not required by private 
contractors, to accept a position as chemist in the laboratory of the 
“Prague-lron-Works Company” (Prazskd Zelezarska Spolecnost) at 
Kladno and became its chief chemist in 1886. 

Wald remained in Kladno, where he married, for twenty six 
years, and during this time he devised or adapted several analytical 
methods for the needs of metallurgical practice and could exert 
also a marked influence in different ways on the whole management 
of the Kladno works. In 1891 he studied extensively the combustion 
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of gases in Martin’s furnace and discovered the right proportion 
between the amount of gas to be burned and the amount of air, 
necessary for an economical utilization. However, as he did not 
succeed, at that time, to induce the managers to utilize his results in 
practice, he turned his mind from the applied science to theoretical 
study, pursuing it first in his free time beside his exhaustive labo¬ 
ratory work. Later on he obtained enough leave from routine-work 
in order that he may continue his private researches with more 
comfort, and this response of his employers to his heart’s desire he 
always acknowledeged with great gratitude. 

In 1908 followed the call to a chair of theoretical and physical 
chemistry and of metallurgy at the Faculty of Chemico Technological 
Engineering of the Ceske Vysoke Uceni Technicke in Prague. His 
designation to this professorship was warmly supported by Wilhelm 
Ostwald, who repeatedly, and especially in his Faraday-Lecture in 
1904, emphasized the importance of Wald’s theoretical conceptions, 
as well as by the physicists Ernst Mach in Vienna, in whose “Prinzi- 
pien der Warmelehre” Wald’s name and work is often mentio¬ 
ned honourably, and Pierre Duhem in Bordeaux, while President 
Masaryk, then Professor in the Charles’ University, advocated his 
appointment as professor at the Ceske Vysoke Uceni Technicke 
in Brno already in 1900. 

In the same year, 1908, Wald lost his beloved wife, of whom 
he had four sons and one daughter. He held his chair twenty years 
and twice during this time held the office of the Dean of the Che- 
mico-Technological Faculty and once that of the Rector of the whole 
College. In 1928 Professor Wald was struck by an apoplectic fit from 
which he never recovered completely. He lived then with his youn¬ 
gest son in the country near Vitkovice in Moravia. Short time before 
his final retirement Professor Wald also lost his only daughter 
and his eldest son. He gradually grew weak afterwards, though his 
mind remained unbroken, clear and even occupied with difficult scien¬ 
tific problems until the last moments, when he passed away quietly 
on October 19, 1930 having almost the age of seventy years. 

Professor Wald’s truly original scientific achievements will be 
dealt with in another place of this commemorative volume. Here it 
must suffice to point out, that he had many scientific interests besides 
chemistry, a great passion for truth and a very strong Czech patriotic 
feeling. 
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F. WALD’S THEORY 

OF PHASES AND OF CHEMICAL STOICHIOMETRY 

by A. KRIZ. ) 

1. introduction. 

in this article the present author has endeavoured to treat in 
a systematic manner the chief ideas of Professor F. Wald bearing 
on his theory of phases and chemical stoichiometry. The main source 
were W aid’s original communications and a manuscript “on the phase 
rule”, which has not yet been published. A deeper penetration into 
Professor Wald’s ideas allowed frequent personal discussions for 
which the present author had the opportunity chiefly in the years 
1913—1918 when his assistant at the Czech High Polytechnical School 
in Prague. 

Professor Wald has read and approved this article; paragraph Hi. 
he partially worked out himself. 

II. Phase. 

in chemical operations we require the starting material to be as 
much as possible homogeneous, i. e. to exhibit in different parts the 
same properties. We therefore homogenize crude heterogeneous 
material by separation, filtration, centrifuge etc. The resulting homo¬ 
geneous medium is called a phase. 

Phases are identified according to their behaviour when brought 
into intimate contact. All substances which mix continuously and 
homogeneously are counted as one phase. A systematic classification 
of such phases is not yet made. They might be divided according 
to the states of aggregation. The gaseous phase is only one, since all 
gases and vapours mix continuously, never forming sharp boundaries. 
More numerous are liquid phases, their number, however, is not yet 

*) A similar treatise by the same author has been incorporated in Professor 
J. Baborovsky’s Czech textbook of “Theoretic and physical chemistry”, 2nd. ed. 
(1926) p. 479- 497. 
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known. Distilled water, sea-water, aqueous solutions, alcohol and 
other liquids belong to one phase, which could be denoted “aqueous’’. 
Melting ice is converted into liquid water, yet it forms a sharp bound¬ 
ary, which indicates two phases. Ether belongs to another phase 
than water, another again is oil, a still different is mercury etc. 

In the solid state it is difficult to decide, whether substances belong 
to one phase or not, as the process of diffusion is, owing to its slow¬ 
ness, difficult to follow. We may sometimes obviate this difficulty, 
if we can dissolve the substances and let the solution crystallize. If 
the crystals are homogeneous, both substances belong to one phase. 

The phases are characterized according to their physical and che¬ 
mical properties. Physical properties are: temperature, pressure, 
volume, density, colour, refractive index, conductance of heat, light, 
electricity and sound, optical rotation etc. The chemical nature of 
phases is judged according to the resultants of their intimate inter¬ 
action. If changed chemically, the phase gives other resultants than 
before its change; chemically different phases possess always different 
physical properties. This, however, must not be reversed, since sub¬ 
stances of different physical properties might yield the same resultants. 


ill. Theory of operations, actions and reactions. 

Almost all changes in the inorganic world might be regarded as 
results of certain actions of an experimenter. Yet all changes which 
we can imagine, are not realizable. The motion of the globe cannot 
be directed, coal cannot be magnetized, radiactive disintegration 
cannot be stopped. 

However, there are many changes, which would never take place 
without human effort, e. g. the isolation of metals from ores, the 
preparation of the majority of chemical compounds, three-phase cur¬ 
rent etc. These changes are the effect of human work and according 
to man’s will might or might not occur. In this domain, which is 
the field of experimental science, man is an independent factor. 

Let us consider the connection between our action and the changes 
to which phases respond. 

As an example take a gas contained in a suitable apparatus viz. 
a cylinder with a frictionless piston; the cylinder is, further, furnished 
with a stop-cock, through which gas might be added or removed, 
and the whole apparatus is made of a thermally adiabatic material 
excepting its bottom, which is thermally conductive but furnished with 
a thermal isolator. This isolation is freely removable. 



This apparatus can perform three operations: change the amount 
of gas, change its volume, change its heat content through the remov¬ 
able thermal isolation, if we bring the bottom into contact with 
hotter or coder bodies. 

After each operation we have to wait until a state of equilibrium 
is reached, since we want to study the connection of such states 
with our operations or with the numerical expressions of the magni¬ 
tude of the operations and do not intend to consider processes out 
of equilibrium, which accompany changes of phases. 

Let us further assume that we possess no means for more ope¬ 
rations than the three mentioned. The operations are independent one 
of the other, i. e. each one can be carried out singly and to an arbi¬ 
trary extent. If heat were materia! (“fluidum”), as was once suppo¬ 
sed, the defined three operation would suffice to determine precisely 
the state of equilibrium of the gas. Yet we know already for long time 
that heat is convertible into work and vice versa. The heat content 
of a gas might be changed not only by letting heat pass through the 
thermally conductive bottom of the cylinder, but also by performing 
in the thermally isolated cylinder changes in volume, i. e. doing 
work. Hence we would not be able to distinguish afterwards how 
the change of state has been effected, i. e. numerical magnitudes 
expressing our operations would not precisely determine the state of 
our system. This difficulty may be obviated by using deliberately our 
freedom of operations so as to perform them in a way excluding any 
further incertainties. Here we shall make use of our knowledge of 
the heat equivalent of work and in changing the volume of the iso¬ 
lated gas or of any other phase, we shall measure simultaneously 
the work done, recalculate it as heat and square up by adding or 
subtracting this heat. 

The energy content of our gas could be varied also by adding 
through the stop-cock e. g. warmer gas or by pressing the piston 
into the cylinder with expediture of work. To obviate this ambiguity 
we have to add from our reservoir gas of the same given tempera¬ 
ture and constant pressure; the work involved in this addition is to 
be measured and compensated by withdrawing an equivalent amount 
of heat. 

If, on the other hand, the amount of gas in the cylinder be 
lessened, the gas which has escaped has to be brought to the original 
pressure and temperature of the reservoir, by utilizing the energy of 
the gas remaining in the cylinder. The energy content of the gas 
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in its original state in the reservoir may be regarded as zero, similarly 
as we do it e. g. in thermochemistry. 

in this manner we have somewhat complicated our mode 
of operation, yet gained an important advantage: We are now able 
to describe quite definitely the state of the gas in the apparatus by 
denoting merely three numerical values, viz. the mass of gas in the 
cylinder, its volume and its energy. 

To every change of one of these three values a certain specified 
change of state corresponds, which — in the given mode of opera¬ 
tion — can be effected only in the manner prescribed. 

Every change of mass, or volume, or energy of the gas in the 
cylinder we may then regard as our action, which causes a certain 
reaction in the gas. Naturally to a given number of actions the same 
number of reactions corresponds, which are observable as changes 
of pressure, temperature, weight and perhaps thermal conductance of 
the gas etc. 

When we describe the state of gas by defining numerically the 
three actions, we regard all the other properties of gas (e. g. pres¬ 
sure, temperature, heat conductance, density etc.) as definite functions 
of our three independent actions (mass, volume and energy content); 
we thus take the view-point of the actor i. e. of the person who 
according to his will can change the state of the given system. 

There is, however, yet another view-point possible, viz. that of 
the observer, who only considers the connections of the changes as 
measured on additional apparatus (manometer, thermometer, balance 
etc.) without having knowledge of our actions. In this observer’s 
opinion our actions might appear as dependent magnitudes, as 
functions of the values of pressure, temperature, density etc., which 
latter he regards as independent. 

Yet these two different view-points of regarding all the possible 
variations of phase changes must agree at least in the number of 
independent variables, which must be equal. That this must be so 
is best proved when accepting the reverse to hold: Let the observer 
require in his observations, say, four variables in the case where 
the actor suffices with three; the observer would imagine a whole 
dimension of changes, which the actor is unable to govern or change 
according to his will. On the other hand, if the observer would 
suppose that two independent variables suffice, he would miss a whole 
dimension of changes which the actor can perform. If the actions 
and reactions, which are regarded as independent, be correctly chosen, 
any disagreement as to their number is impossible. 



If we lake the altitude of an observer who chooses his indepen¬ 
dents differently from the actor, we may term our independent vari¬ 
ables as our freedoms. The actor’s view is, of course, that our 
freedoms are but reactions of his actions. (The actor and observer 
need not be different persons, one individual having possibility to 
consider the system from either of point of view). 

By adding the same gas we have performed an action the inde¬ 
pendent reaction of which was the change of weight; changes of 
al! other properties are functions of this change. However, if another 
gas be added, we may observe other, sometimes quite new changes 
of properties, although the total weight of the gases be identical. 
Thus the colour, smell etc. may change. We denote this as a change 
of quality; by quality we mean here a comprehensive idea of all 
properties which do not depend on weight. The comparison must 
be, of course, made at the same temperature and pressure. The whole 
group of changes, which the original state of the phase thus under¬ 
goes, cannot be brought about by another action. 

The change of quality does not depend on the absolute weights 
of the phases, but merely on their ratio. If the ratio of weights 
be varied continually, the properties are also conlinuaily changed. 
The independent variable which governs the change of quality, we 
call ‘composition’. 

The way of expressing the composition will be dealt with in the 
next chapter. The changes of quality can be brought about by means 
of the same or of a different phase. 

The bringing into contact of substances according to the chosen 
ratio is to be regarded as an action, the change in composition which 
follows, is a reaction. The change of composition must be, of course, 
continuously variable. 

IV. Phase components. 

A phase, which by its transition into the given phase changes 
continually its quality, may be termed a component of the given 
phase. If the transition is continuous, like in the case of alcohol and 
water, both substances are the same phase. If the transition is dis¬ 
continuous, like salt and water, the phases are different Salt might 
exist also in the ‘aqueous” phase and become thus a component 
of the “aqueous” phase. Water, if abstracted from phase, might exist 
in the gaseous, “aqueous” and ice phases, the- latter e. g. as ice 
I. II. HI.... 
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Substances which belong to the same phase and differ in quality, 
are varieties of the phase. Phase components, from which all varieties 
might be prepared, are called chemical individuals or pure substances. 
Their typical properties will be dealt with later on. The composition 
of the phase is given by the weight-ratio of the pure substances 
from which the phase was made. 

The composition of the phase is, therefore, the more variable, 
the more pure substances it contains, as more weight ratios are 
changeable; we may count, however, only such pure substances which 
are necessary to this end, as often the addition of some pure sub¬ 
stances is superfluous. Thus, in building up a phase of water, hy¬ 
drogen chloride and sodium hydroxide, it would be unnecessary to add 
sodium chloride, since no new phase-varieties are hereby gained. 
If two pure substances are present in a phase, we may change their 
ratio in infinite ways; if the necessary components are three, we 
may have cc 2 of different varieties, and if the number of pure 
substances be denoted by s, we may have ooS-i cases. 

If s denotes the number of necessary components of which 
a phase consists, we may choose s —1 different independent ratios 
of the components. In the previous chapter we have denoted a change 
of the ratio of components as an action. With $ components we 
may thus perform s —1 independent actions by which the compo¬ 
sition is changed. 

To represent geometrically the qualitative variation of a phase, 
which consists of two pure substances, we plot on the x axis the 
weight of one pure phase and on the y axis that of the other. 

Then all possible varieties are given by rays between the two 
axes. The coordinates of the points on the ray determine the quan¬ 
tities of the components. If in the plane of the axes a straight line 
be drawn, representing equai weights, i. e. a line inclined by 45°, 
any line x y, drawn from one axis to the other, will cross all rays, 
which represent the phase varieties. 

The xy line is then a simplified representation of our variety. 
The limiting point x will denote one pure substance (e. g. water) 
the other point y the other substance (e. g. alcohol). The line xy 
may be divided into 100 parts and the percentage of water may be 
plotted from the point x, the percentage of alcohol from the point y. 

A system of three components may be represented in an analogous 
manner by an isoscelous triangle (Gibbs’ triangle). This triangle is 
a part of a plane inclined to the three coordinates by an angle of 
45 °. The points of the triangle (A, B, G) represent pure components, 
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the sides mean phases consisting of two components and the inside 
of the triangle presents the varieties of the phase, which contains 
three components. 

The representation of a four-component phase is three-dimensional; 
more complicated systems have to be represented by polytopes of 
more dimensions, which are treated in polydimensional geometry. 
Such polydimensional figures were in this respect recently used with 
advantage in mineralogy in the study of crystalline mixtures. 


V. Two phases in equilibrium. 

Let us s:udy from the view-point of actions and reactions the 
changes of properties of two phases which are acted upon in the 
above described apparatus. Our postulate is that both phases should 
constantly coexist. The amount of each of them might change, but 
never fall to zero. Let our action be the same as in the treatment 
of one phase: we can add one of the phases, add or take away 
heat and move the piston. The changes of properties thus effected 
will be of two kinds: The pressure and temperature in both the 
phases are equal; other changes, e. g. the change in volume, weight, 
density, thermal capacity, total conductance shall acquire in each 
phase another value and therefore the determination of them must 
be carried out in each phase separately. However, they are connected 
definitely; at constant temperature and pressure this may be expressed 
as function of the mass of single phases. 

In the study of changes of one phase we have seen that the 
number of independent changes was equal to the number of the 
independent actions performed. If applying this to our case we expect 
that to three actions three independent reactions will necessarily res¬ 
pond. This means that we have the possibility and liberty to de¬ 
termine freely (of course within the limits given by the special case) 
three parameters. These determine all the other changeable properties 
of the system which are their functions. 

When working with one phase our actions were the weight, 
energy and volume of the phase. In the poly-phase system the numbers 
of freedoms of weight (quantity) is generally equal to the number 
of phases. In our present case are therefore two freedoms. As we 
operate only with three independent actions, we cannot have as 
independent reactions the weight of either phase (denoted P x and 
P 2 ) as well as temperature (T) and pressure (p), but only three of 
these. Now experiments teach us that there are two possibilities. 
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Sometimes we may choose any combination of three out of the 
four variables (P t , P a , p, T) i. e. 1\, P 3 , T, or P 1; P 2 , p, °r -Pi 
1\ p, or P 2 , within certain limits and the phases still coexist. 

Yet there are cases when the variety of freedom is rather limited. 
Thus if we choose the combinations Pj, P 2 , T or , P 3 , p the phases 
coexist; if, however, P u p and T are chosen arbitrarily, one phase 
might disappear and our postulate of the coexistence of two phases 
will not hold. This limitation of the choice of freedom of a two-phase 
system is the sign of qualitative identity of both phases. Thus two 
phases have the same quality (composition), which in a closed system 
are mutually changeable when choosing an arbitrary pressure and 
temperature. 


VI. Solution and pure substance. 

The essential differences between solutions and pure substances 
will become evident in a comparison of reactions which our actions 
produce in the apparatus upon the system of salt-water and steam 
on one hand and upon the system of chemically pure water and its 
steam on the other. 

Let us limit our actions to two: changes of the energy content 
and the motion of the piston. We shall add neither the “aqueous” 
nor the gaseous phase. Let the weight of the gaseous phase be 
P g , the weight of the liquid phase P w . Since the sum of the weights 
of both phases remains constant, we may express the quantitative 
changes of the phases by the ratio P g : P u - . This value represents 
one freedom. 

Apart of the connections which have been hitherto considered, let 
us follow the changes characterizing quality which are due to changes 
of the ratio P g : P w i. e. which accompany the transition of one phase 
into the other. To this aim we will isolate a certain fraction of the 
phase, removing it from the apparatus, and will determine its pro¬ 
perties (at the temperature and pressure of the system). 

First bring into the apparatus a salt solution and vapour. The two 
actions allow us to select two freedoms. 

If the freedoms are P g : P w and T,p = f (P p /P, c , T) ; if the freedoms 
are P g : P w and p, then T—f" {P g jP v> , p), if, finally, p and T are 
the independent variables, we have P g :P w = f" (p, T). 

If the properties of the isolated solution be investigated at various 
values of P g :P w , it is found that its quality changes. E. g. if the 
amount of the gaseous phase be increased at the expense of the 



17 


liquid one, the remaining liquid will become more concentrated, its 
saturated vapour pressure will fall, electric conductance will increase, 
the composition will change. .4 continuous change of "the weight ratio 
of the two phases produces a continuous change of the quality of 
the phase. This is a property characterising solutions. 

The behaviour of pure water and its vapour is, under the same 
treatment, different. As already mentioned when defining substances 
of the same quality, only a smail variability of properties can ensue. 
For, if pressure and temperature be chosen, one phase changes quanti¬ 
tatively into the other. 

We find further the pressure to be here a function of temperature, 
yet independent of the ratio P g : P, f . Especially essential is the fact 
that the quality of the liquid phase remains unchanged during eva¬ 
poration or condensation, being invariant with respect to the ratio 
P g : P l0 . It is immaterial here if this ratio be varied through the change 
of the heat content or through the motion of the piston. 

The pure substance (chemical individual) is thus defined as the 
phase which in the system does not change its composition in any 
variation of the freedoms. Such permanency of properties is, of 
course, very conspicuous; consequently pure substances drew 
a special attention and were sooner investigated than solutions. 

About an isolated phase we cannot decide whether it is a pure 
substance or a solution. We have to study it in coexistence with 
another phase. It has to be emphasized that all freedoms of the system 
should be tried, as only in this manner are we able to distinguish 
chemical individuals from so called hylotropic phases. Such a hylo- 
fropic phase is an aqueous solution of 20'3% hydrochloric acid. 

If distilled at normal barometric pressure, its composition remains 
constant. If, however, the pressure be changed, the composition 
changes. Such phases are not pure substances but solutions. 

VSI. Purifi cation of phases. 

By purification of a phase we mean the decomposition of a gene¬ 
rally composed phase into phase components or pure substances. 

For our purifying operations we presume that: 

1. More than one phase exists, since only from the difference of 
phases we derive the idea of phase component. If all were gaseous 
(as perhaps in the first epoch of the evolution of the world — according 
to the Kant-Laplace hypothesis) our chemistry would be impossible. 

2. The pure substance can form several phases. 
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3. Every phase cannot comprise all pure substances. Or, to put 
it analytically, a certain phase cannot possess any composition whatever. 

It then an element or compound is a component of phase A, but 
cannot be a component of phase B, we get rid of this substance 
by transforming somehow the phase A inio B; the resulting phase 
will be purer since it contains one substance less. Such a requisite 
transformation is evaporation, freezing out, condensation, fractional 
distillation, extraction. 

These purifying methods are denoted as physical. The composition 
of the phase changes continuously in these methods, the operation 
has to be, in principle, repeated an infinite number of times. The pure 
substance may then be separated. 

A phase may be also purified chemically. In such a case the pure 
substance is formed in one operation or by a limited, i. e. finite 
number of operations. 

Vill. A rule connecting the number of independent 

components, phases and independent changes of 

quality in the interaction of various substances. 

If we bring together various substances under ordinary laboratory 
conditions, i. e. under changeable temperature and pressure, the number 
of independent pure substances equals the number of phases incre¬ 
ased by the number of possible independent changes of composition, 
if the number of phases be denoted by the number of components 
and the number of independent changes of quality q, the equation holds 

•s = / 4- q. 

Here the physical conditions (T, p), determining the state of the 
body, might be arbitrary, the observations, however, must be made 
under identical conditions and at the equilibrium state. 

Let us verify this rule on some laboratory experiences. 

1. If ice be brought into pure water at ordinary temperature, 
it changes into water without bringing any qualitative change in the 
system. We have thus one phase, no change of composition and 
therefore also one component. 

2. ff water and ethyl alcohol be mixed, the quality of the “aqueous’’ 
phase changes. There are two components, one phase results and 
thus only one change of quality is possible. 

3. If water and ether be mixed, two phases result, an “aqueous’’ 
and an “ethereal” one. Both these phases have changed quality, since 



some ether has dissolved in the water and some water in the ether. 
However, none of these changes are independently variable when 
the two phases coexist; both are mutually saturated. Two components 
yield here two phases, but no independent qualitative variable. 

4. In dissolving common salt in water we have, as long as small 
amounts are added only one “aqueous” phase and one independent 
change of composition; if a certain ratio between salt and water 
be passed, viz. the solubility ratio, two phases coexist without further 
changes in quality. Thus before the saturation 

ft--2, /'— 1 , q — 1 , 

after saturation .< -= 2, /' -■= 2, <j --= 0. 

5. When bringing into water a mixture of salts, at the beginning 
all might dissolve. From the change in quality which ensues we are, 
however, not justified to conclude that only one component has been 
added, since the resulting change comprises several independent 
changes, which might be brought about by adding the pure sub¬ 
stances, of which the mixture consists, each separately. The number 
of components might be sometimes easily determined from the number 
of various phases which appear after full saturation of the solution. 
Care has to be taken, however, to decide if all solid phases are pure 
substances or some of them a solid solution. 

6. Let us mix a solution of barium chloride with that of sodium 
sulphate. A new phase of barium sulphate will be hereby formed 
and in the aqueous phase diminution of the concentration of barium 
chloride will result and an increase of the concentration of sodium 
chloride. From these two qualitative changes, however, only one may 
be regarded as independent, the other being its function and insepa¬ 
rable in time. The three independent components {II 2 0, BaSOi and, 
say, NaCl) form two phases and allow one independent change 
of quality. If during further additions of sodium sulphate no more 
barium sulphate is formed, the amount of sodium chloride in the 
solution remains unchanged and the composition changes in an inde¬ 
pendent manner merely by the increase of the concentration of sodium 
sulphate. From this instance we see that every change of composition 
need not be independent 

7. To a system of two phases composed of water and ben¬ 
zene, add picric acid. This means three components and two phases. 
According to our rule only one independent variable of quality 
should be possible. Yet by the dissolution of picric acid the quality 
of both phases is changed, i. e. there are two changes of quality. 
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However, a close examination will show that in reality only one in¬ 
dependent change of composition takes place since the concentra¬ 
tion in one phase is a function of the concentration in the other. 
This connection is usually expressed by the “partition ratio” according 
to which the substance divides itself into the two coexisting phases. 
Nernst showed that this ratio is constant for some substances wit¬ 
hin a certain concentration. 


IX. The phase rule. 

Gibbs’ phase rule connects ihe number of freedoms, number of 
components, changes of temperature and pressure and the number 
of phases of an equilibrium system. It is always deduced from the 
fundamental laws of thermodynamics. It may be, however, derived 
even without thermodynamic relationships from our axiom of the 
number of independent actions and reactions. 

Let us recall the actions we have performed when keeping in 
our apparatus only one phase. We have changed independently the 
composition by adding or subtracting the weights of ihe single phase 
components (s in number) and have changed, further, the energy 
content and the position of the piston. To these s-j~ 2 actions cor¬ 
responded the same number of freedoms, or independent variables, 
which determined the remaining variable properties of the phase. 
We regarded as independent reactions the total weight of the phase 
(a quantitative freedom), further temperature and pressure (physical 
freedoms) and $— 1 changes of the composition, which might be 
expressed as the ratio of weights of single components to the weight 
of the component chosen as fundamental (qualitative freedoms). 

If we bring together the same number of phase components as 
before, which however, do not form one phase and if it is possi¬ 
ble to perform the other above named actions, the number of actions 
will be again ,s-j-2. The number of independent reactions will be, 
of course, the same. Of these will be as many quantitative freedoms 
as there are independent coexisting phases. Physical freedoms (jr) 
might be maximally two as all phases coexisting in equilibrium have 
the same pressure and temperature. Their number may be also less, 
since summed up with the remaining qualitative freedoms (q) and 
with the number of phases, /; can be equal just to the number of 
actions (s + 2). 

The equation s + 2 = a -j- q + /' is the Gibbs’ rule. As n and , t 
cannot be negative, the maximal number of phases is s -f 2. The 



coexistence of pure substances does not. *<( course, lead to any 
qualitative changes. 

it must be emphasized that sometimes the number of qualitative 
freedoms is less than the number of observed phases, as there are 
cases in which the weight ratio of phases cannot be influenced and 
thus their quantitative relation is not independent. Thus, for instance 
Glauber’s salt decomposes into water vapour and the anhydrous 
salt. The three phases which thus result have not independent weights; 
here are only two independent quantitative freedoms, since from the 
weight of water vapour the weight of the anhydrous salt may be cal¬ 
culated and vice versa. 

X. Compounds and elements. 

Amongst chemical individuals there is a group of substances which 
possess a remarkable property. From them may be prepared by 
chemical reactions other pure substances, yet they are never alone 
a product of other reactions. Such bodies are called elements. If 
reactions which are described in a three membered equation, did not 
exist, elements would remain unknown to us; no substance of 
a reaction, in which a certain number of reactants gives the same 
number of resultants, can be regarded as a part of the others. Our 
knowledge as to the number of elements remains, however, provi¬ 
sional as we have no guaranty that the substances now regarded as 
elements will be shown to be decomposable and interchangeable. 

When elements combine, a compound results which is a new' 
substance of quite different properties. The only property, which is 
maintained, is weight (mass). On this fact is based our synthetic 
chemical theory, teaching that compounds consist of elements, which 
are involved as constant unchangeable substances. This theory of 
composition is the fundamental idea of speculative constitution in 
modern chemistry. Yet it has some inadequacies as it disregards 
experience. First, it reduces all properties, which characterize quality, 
to weight and secondly, it disregards altogether the time sequence 
in chemical reactions and regards as still existing states, which in 
reality follow one after the other. We may indeed observe the formation 
of a new substance from elements; however, we are never able to see 
that the substance is composed of the elements as of parts, because 
they do not simultaneously exist. As soon as we observe the com¬ 
pound, there are no more the elements, from which it was formed and 
vice versa. At present we have no theory which would describe our 
experience better than the above mentioned doctrine of composition. 
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The idea of composition we have met in the phases. There the 
continuous variability of composition was a characteristic feature. 
The ratios, however, in which elements combine into compounds 
are obviously discontinuous, constant and only few in number. 

Phases of variable composition show in a given variety properties 
which are definite functions of the composition. Chemical compounds 
of different composition possess also different properties, yet reversely 
we cannot judge, as there are many instances in which the compounds 
show different properties and yet have the same composition. The 
difference of composition is thus a sign of the variability of substances, 
but not the single definite condition. Sometimes the experimental 
procedure matters in which the substances are prepared,, as it is the 
case with compounds which having the same composition show 
different properties. 

in the early times of our synthetic theory such cases were unknown 
in which the difference in quality was not due to different compo¬ 
sition. Vet when such substances were encountered, the fundamental 
conception was not changed but merely extended by the assumption 
of the difference in molecular weight (polymery) and later on of dif¬ 
ferent space configuration (isomery). 

The theory, which regards compounds as being composed of 
unchangeable elements, presumes the possibility of not only gaining 
a compound from elements but also of decomposing it into the 
elements. Synthesis should therefore be reversible. Yet we know 
many compounds (silicates, carbon oxides etc.) which might be 
prepared from elements, but cannot be decomposed by physical 
means. Here we content ourselves by making such reactions reversible 
in acquiring other effective substances. These substances, however, are 
steadily consumed so that if we did not restore them (in a qua¬ 
litatively and quantitatively limited system) a state would be reached 
in which decomposable bodies would cease to be decomposable. 
Thus in a greater group of chemical reaction always some processes 
exist, which can be made reversible only at a lasting expense of 
certain effective reagents. From this view-point our experience is not 
yet systematically treated. 

XI. Formulae of chemical individuals. 

Chemical elements are denoted by simple symbols which represent 
their quality as well as quantity; the specific unit of quantity for 
each element is its combining weight. 



Let .-1 denote the combining weight or carbon and B that or* 
oxygen. Under special conditions we obtain a compound of these 
elements, called carbon monoxide. 

Let us denote it by Under other conditions we obtain another 
chemical individual, carbon dioxide, which we denote by Ih The 
signs C and 1) denote also the quantities of substances which cor¬ 
respond to the combining weights of elements: we may thus describe 
the just mentioned reactions by the equations 


Jl — B — <J ■ 0.. (1 | 

J -25 — 7f=-Q.(2) 


Such synthetic equations, which denote the conservation of weight, 
are fundamental for our formulae of chemical compounds. The formulae 
are obtained by eliminating from the equations the signs of the com¬ 
pound and expressing the quality and quantity by the sum of the 
combined elements. This sum is, however, not denoted in the usual 
mathematical manner but the symbols of elements are put next to 
each other and the coefficients of the combining weight are affixed 
to the symbols of elements as indices. Hence we would noi write 
the sign (', but substitute it by the formula AB, just as 7) would be 
substituted by AB*. 

This way of expressing chemical elements has a great economic 
value allowing to denote hundreds of thousands of chemical indivi¬ 
duals by some 80 symbols and a few integers. 

Yet this way of expression — just as the whole synthetic con¬ 
ception of chemical theory — suggests that we see in compounds the 
elements as existing unchanged, just as quartz, felspar and mica exist 
in granite. That such consequences are unfounded is best seen from 
the possibility of deriving nonsynthetic formulae without any use of 
elements as fundamental substances and by showing that these for¬ 
mulae are equally economic and equally justified as those we use. 

The synthetic equations, upon which our formulae are based, are 
in the mathematical sense independent, as none may be deduced 
from other synthetic equations. Every such synthetic equation means 
a new compound. This may be formulated as follows: 

The sum of reacting elements and independent reaction equations 
equals the sum of all pure substances appearing in the reactions. 

From independent equations we might obtain by algebraic addition 
an arbitrary number of dependent equations. Thus we obtain from 
the equations 
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(1) 4- (2) the equation 2.1 4 3 B — r — ^ -- ^ 

0>-(l)-i-(2) • ■ 3.4 - 4 B •- - 2 ( ' — h -0 

( 2 ) — ( 1 ) B+- ° 

(2) -r- (2) — ■ (1) - A ~3 B— C--2D ■ *0 

(1)4(1) --(2) ; . A 2C T /) -0 

An equation thus gained represents the final result of known 
consecutive reactions. 

Yet very often such a dependent equation expresses a reaction 
which proceeds directly. Thus in the above series the third is realizable 
as the combustion of carbon monoxide to the dioxide and the fifth 
as the reduction of carbon dioxide by carbon. 

Let us put down the realizable equations: 


m 

A r B — 

r = 0 

(2) 

a 4 2 ij — 

D - 0 

(31 

B C — 

D =-0 

(4) 

A — 2 r - 

I)- A) 


In this system of equations the third and fourth was deduced 
from the first and second. We may, however, regard as independent 
any other pair of these equations and deduce the remaining two 
from them. Of course, there cannot be more independent equations 
than two. If the number of reaction equations be r and the number 
of independent equations we may choose the independent equa¬ 
tions in j j ways. The following table gives the number of combi¬ 
nations and the way how the dependent equations are deduced: 


independent 



deduction of 




equations 



dependent equations 



U), 

(2) 

(3) = 

42)- 

-0). 

(4) 

(1) - 

- U) - 

-(2) 

0). 

(3) 

(2) 

0) - 

43), 

(4)- 

41)- 

-(3) 


(4 

(4) 

(2) 

(1) 

- (1) (4), (3) 

(D- 

-(4) 


(2), 

(3) 

U) 

42)- 

-(3), 

(4) - 

42)- 

43)- 

-(3) 

(2), 

(4) 

(1) 

(2)- 

44), 

(3) 

42)- 

-(4) 


(3), 

(4) 

(D- 

43) - 

44), 

(2) = 

43) 4 

- (3) 

44) 


In each independent pair of reaction equations we may select 
fundamental substances, which we do not eliminate, but express the 
eliminated terms with. The usual synthetic way chooses for the fun¬ 
damental substances expressly elements. Yet there is no reason why 
we should not choose even other substances as fundamental. Their 
number equals in the system of reaction the number of elements, 




being given by the relation discussed above: it equals the number 
of all pure substances in the reacting system diminished by the 
number of independent equations. According to the bodies which 
we choose as fundamental the formulae of the remaining substances 
will be given. Aii possible combinations of selecting the fundamental 
substances and the corresponding formulae of the remaining sub¬ 
stances are given as follows: 


funda¬ 

mental 

sub¬ 

stances 

corresponding formulae for 

substances which 

we cal! 

“carbon" 

‘'oxygen’' 

4< carbon 

monoxide” 

“carbon 

dioxide" 

.1, B 

A 

H 

A B 

A £., 

A, (' 

A 

A.,r 

(' 

. 1 

-4. 11 

.1 

A Ih, 

A>.Jh , 

Jl 

B, r 

J; ; a 

B 

r 

B r 

if. n 

B,l> 

B 

B x l> 

I) 


i ? !> -, 

r , 1 ) 

r 

I) 


According to this mode one formula of carbon would be 
This means that carbon is obtained from the gas, which we call 
•‘carbon monoxide”, and at the same time a gas is produced, which 
we cali “carbon dioxide”. Nonsynthetic formulae contain, naturally, 
members with negative indices, whereas formulae with elements have 
merely positive indices, since only such substances are chosen which 
never decompose and never are the only product of a chemical process. 

These reasonings are not meant as an attempt to introduce new 
formulae instead of the usual ones, but merely to emphasize that 
what constitutes the economy of chemical formulae is not the sup¬ 
posed pre-existence of elements in compounds, but the fact that all 
chemical equations are not independent. 

XII. The laws of simple and multiple proportions. 

Let us arrange all known compounds in such a manner, that each 
two successive compounds have one constituent in common. Let the 
compounds be taken in such quantities, that the common constituents 
have equal weights. We shall see that the weights of a constituent, 
which will appear several times in the series, have a finite and usually 
considerably great common factor. This experience is often expressed 
as that the weights of the component are in rational proportions. 

The atomic theory explains this conspicuous and remarkable rela¬ 
tion as the consequence of the supposed properties of atoms, which 



are as numerous as the elements. If elements join in several ratios, 
one atom of one element is supposed to bind more than one atom 
of the other. 

However, these so called stoichiometric relations may be ex¬ 
plained even without the conception of atoms as a consequence of 
known experience. 

The facts, which we shall use in this deduction, are: 

1. Compounds have constant composition (since it is the definite 
composition which characterizes chemical individuals). 

2. The composition of various compounds of the same elements 
changes not continuously, but discontinuously. 

3. The number of constituents of pure substances, which take 
part in a chemical reaction, is not limited by the number of reacting 
substances. 

The meaning of the last mentioned characteristic of chemical 
compounds will be made clear when we imitate a chemical reaction 
by composing mixtures together. Let us imitate a chemical compound 
by a mechanical mixture of a definite, yet quite arbitrary composition 
(e. g. by the mixture of equally great and heavy beads, in which 
the bead of a certain colour corresponds to a certain component). 
In imitating a chemical reaction we start with the given mixtures, 
decompose them into components and compose from them new 
mixtures, the composition of which we determine arbitrarily before¬ 
hand. In doing this the composition of the new mixtures must be 
carried out “quantitatively”, i. e. no component must be left behind; 
for one mixture we may fix the amount in which it shall appear. 

Let us have the components a, h, <■, d ... and denote the mixtures 
by 1,2,3... a. 

The composition of the first mixture be »/.., /<,, c x , (/,... ,v, , 

; » second (u 3 , (*>> , , d %... >*.», 

the composition of the u-th n„, />„, r, ( , (/„...»■„• 

Our aim is to imitate a synthetic reaction. From the first, second 
till («-l)4h mixture we have to gain one unit weight (say 1 kg) of 
the »-th mixture. 

For this we need: ,i\ weight units of the mixture 1, 

,r. 3 :> :> '> !> :• 2, 





The unknown amounts .<■ have to be calculated from the system 
of equations, which are based on the supposition of the conservation 
of components. Let the mixture consumed be denoted by plus, the 
mixtures gained by minus. 

The equations are 

i»'J «| — .i:-2 (t.> - Ilf, -... - U ~ 0 

X-\ h i — X 2 h. : — .I f, b-.~ j- ... — b., 0 

■ r \ !S 1 T • l '-2 s i t" •'•'S "h • • • 0. 

These equations are homogenous; for one unknown an arbitrary 
value has been fixed, as our aim was to gain one unit weight of the 
w-th mixture. 

The equations are thus solvable if 

II . s — 1 . 

This means that if we should change quantitatively mixtures com¬ 
posed of a chemically indifferent components of an arbitrarily chosen 
composition, we could do this only if the number of all mixtures 
were at least equal to x - 1. This relation holds, of course, also for 
the reverse case: whenever a quantitative change of a certain number 
in) of mixtures is possible, which have a quite arbitrary composition, 
the mixtures cannot have more than »-l components. 

However, in this consequence we see a difference from the 
behaviour of chemical reactions. The number of components is in 
chemical reactions not always by one or more smaller than the number 
of the reacting substances; it is sometimes smaller but sometimes 
also equal or even greater. 

For example we know many reactions of the type AB CD 
AC 4- BD, in which four substances with four components react. 

Let us consider such a reaction as analogous to mixtures. The 
difference is that each component does not appear in each com¬ 
pound. In the first binary compound, which we may write a 4 ^, 
the components c and cl are missing (rq = 0, <l x — 0). The second 
compound, c 2 r7 2 , contains none of the first components (a. 2 — 0, 
/;.,== 0). The third will then be denoted a 3 e n , the fourth « 4 r/ 4 . 

To gain one unit weight of the substance bil we have to ope¬ 
rate with 

the amount x, of the substance « 4 b x , 

'■> ,l‘.y ■ I t'%(l 2 , 

■> » .(.'a » - : «8 di, 

(in the positive or negative sense). 



'28 


The principle of the conservation of elements we express by 

equations: 

j U; — -p; tig - 0 

.r, — &4 0 

•'2 "’a ~~ (':• 0 

y,J. 2 —ilf— 0. 

This is a system of four equations with three unknowns; ail 
equations cannot be independent, if this system should have a real 
meaning. Thus the composition of one compound is given by the 
composition of the others. From the fact, that the number of the 
elements used is noi limited by the number joi reacting substances, 
therefore follows that the composition of the compounds is not arbi¬ 
trary, but that a certain relationship is here observed. 

Let us see what this relation is in our case. The equations give 

.. _ ‘h 

h, ’ ’ 

( . t . '2_Ai a _i _ <h , 

' C: h\ d-2 

The last relation may be written as 

'-2 . 

f>l ';.J (1.2 li j 

The composition of the fourth substance may be calculated from 
the composition of the other substances according to a relation cor¬ 
responding to the law of constant proportions. 

It remains now to deduce the law of multiple proportions. 

If we choose a special unit for each of our binary compounds, 
in order that 

1 — ■(':■ '(;• — A 

•'2 : f'i — l> 

./'o C. 2 Cg HZ r 

.Co d2 ' tl * - — Tty 

the formula of the reaction will be 

AB4-01) AC f-BD. 

Further, let us have a substance of the formula AiB, where i is 
any number greater than one. It is, no doubt, possible that such 
a substance undergoes double decomposition according to the equation 

A;B-t (’!) == A;C r Bl), 





besides another possibility 

AiB - OD ■ AC ~ A:,-:P, b- 

here the distribution of the dements in the reaction products cannot 
be determined beforehand and might be generally various. Moreover, 
there is no reason against the formation of the composition 
A;~zBD, e. g. by further decomposition. The reverse procedure k 
just as well possible without coming to processes chemically absurd ; 
we may, therefore, obtain 

AiB — A B A; + , B 2 ----- 2 A i± , B 

2 

and many others. 

if i were an irrational number, we could reach in this manner 
a series of compounds in which the difference of composition of 
the neighbouring compounds would be infinitely small. The ratio of 
components would vary continuously. 

Since, however, the numbers which denote the composition of pure 
substances, give an obviously discontinuous series, the number i must 
be a whole multiple of one. in this way we may comprehend why 
in double decomposition we reach also substances in which « the 
amount of the substance A is zero, since we obtain zero by sub¬ 
tracting unity only from an integer. 

XII1. A mathematical theory of valency. 

Let us denote, similarly as in the preceding paragraph in the case 
of mixtures, substances giving a certain reaction by indices 1,2, 3. .. it, 
and components, of which the substances consist, by a, b, e... *•. 

The reacting substances will have, quite generally, the composition 

<h C, . . . .•>! 

ft., it., . . . ti.y 

tt„ bit . 

The conservation of components is expressed by equations 

.Tj -+- .r.,u., -j- ,v is '(;• -j- . . . u„ -- 0 

1>\ -j- x., b., A- ■«., b.. — ... h„ 0 

.t'j .-■'j -j- -V., ,s 2 "T • , J• — 0; 

here the amount of the reaction product «„ bn e„... is equal to one 
unit of weight. In. reality, of course, all the components are never 
present in all the compounds. 





In the atomic theory n x means the number of combining weights 
(atomic weights) of the component a, the number of molecules 
with which the substance a x b x c,... s x partakes in our reaction. 

imagine the last given system of equations multiplied successively 
by factors where the factors /. are chosen to satisfy 

the equations 

4'i ?.'j /.-•■ bl ~p - 0 

X 1 fl., 4- h bn -- j-rC-2 — . . . 0 

a, Xub„ — /,.(?„ 4- ... /.««„ == 0. 

According to the stoichiometric laws we may express the amount 
of components in the compounds (i. e. « t . n x , a. 2 ,b 2 ...n., etc.) 
by integers or zero. From the kind of equations involving the factors X 
becomes apparent, that even these factors can be expressed by whole 
numbers. The factors /. signify valencies. 

Obviously, we may calculate them from the system of equations 
only when the number of components, s, is equal or greater than 
the number, n, of substances involved. 

Let us apply this to a special case, e. g. to the reaction 

PCI H,s = 2 HOI -4 v< %S 
and calculate the factors 

Let PCI 5 be the substance 1, H. 2 b 2, UVl 3, PCl A S 4. 

Let us denote phosphorus by a, chlorine by b, sulphur c, hydrogen d. 
The equations expressing the conservation of components will be 

T JL'i «, = 0 

•' i b x 4- ./•. -j- ii'j b x = 0 

'4 — .<4 c } — 0 

<7, 4- 7 S = 0 

the values of these symbols are 


= 1 


a x — 1 

u 

CJ\ 

ii 

o 

1 

o 

<4 = 1 


= 0 

6., = 0 

ii 

*3’ 

<4 = 2 

— — 

2 

« s ---- 0 

Aj = l 

— 0 

<4 = 1 

v 4 = — 

1 

" f = 1 

4=3 

<-4=1 

1 

O 


Substituting these values into the equations for we obtain 

A,i -j- 5 Xj, — 0 

/.<, 4- 2 =0 

/.?, -}- /d — 0 

4- 3 = 0 




in tour homogeneous equations we have 4 unknowns and thus 
may choose one unknown arbitrarily. Put, for instance, for 1? (of 
hydrogen) — 1. 

Then it follows that (valency of chlorine) — -j- 1, 1, (of phos¬ 
phorus) — 5, h; (sulphur) 4- 2. 

This example shows us the algebraic manner of the theory here 
exposed assigning to some valencies a positive sign, to others a ne¬ 
gative one. We may bring this mode of expression in accordance 
with the current graphical representation of valency formulae by pla¬ 
cing in the case of the minus sign the valency line to the left and the 
plus valency line to the right and join in the formula the lines from 
right and left. The formulae of our compounds, denoted in this man¬ 
ner, are then: 




Cl—H 


Cl 

CI<p 

Clf/- 

S / 


This new mode of the deduction of valencies shows, from the 
kind of fundamental equations involved, that valencies cannot be 
derived, if there are less components than reacting substances, since 
then all 1 are zero, if there are more components than substances, 
the valencies are freely variable. 

The current theory of valency accepts in view of these inadequa¬ 
cies auxiliary hypotheses such as of unsaturated valencies, groups 
of atoms (radicals) and of variable valencies. 
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FOUNDATIONS 

OF A THEORY OF CHEMICAL OPERATIONS 


by F. WALD. 1 ) 

1. The theory of chemical operations is based on old experiences 
known to all chemists and besides this also on self-evident propo¬ 
sitions adduced from this experience. These abstractions did not originate 
only in my mind, for they are a common property of natural science, 
but the logical construction of the theory following from them is 
my own work. 

Here and there 1 was obliged, in the interest of a clear exposition, 
to use familiar terminology in an altered sense which, of course* 
I shall explain precisely; where I feared, however, that the altered 
sense of a word would be too easily mistaken for the usual one, 
1 did not hesitate to use a term more adequate to my purpose. 

Hitherto chemistry has been delivered to us as a science, in which 
the chemist entirely disappears as a wholly superfluous factor beside 
nature, so that his activities are mentioned only in his biography 
or obituary, though chemistry is an experimental science on which 
an extended technology is founded. It is true, there are going on in 
nature chemical processes without any cooperation of man,"which 
often even baffle any influence of his merely owing to their grand 
scale, but here nevertheless at least an accidental contact of different 
substances under more or less haphazard external conditions deter¬ 
mines the nature of chemical phenomena. 

I could have called this essay of mine either a theory of chances 
or a theory of operations, but I have prefered, of course, a title appro¬ 
priate to a laboratory or a factory, which both are managed by man, 
who reflects upon the chemical phenomena observed both in 
dead as well as in living nature according to his experiences 
made in the sphere of his activity. Man shares with nature the control 
of chemical phenomena. In a laboratory or in a factory nothing happens 

*> Published first in Czech in the Sbornik Prirodovedecky, edited by the 
Ceskd akademie ved a iimenf* (Czech Academy of Science and Arts), 1929, No. Vi. 
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against the will of the chemist as long as he either looks after the 
things, or is not led into an error by some- chance, nor overcome 
by an accident. 

Nature is thus not an absolute ruler in chemistry sharing its com¬ 
mand with man ; each of both factors has its own domain of influence 
which may be characterized by the contrast: natural law — human will. 

This free will, however, does not act telepathicaiiy, but by means 
of appropriately intended actions. 

1 should act unfairly, if 1 were to conceal, that the whole manner 
of thinking which I disclose in this communication was really conveyed 
to me by the physiologist Professor F. M a r e s in our discussions some 
25—30 years ago. 

Only the more detailed elaboration of this mode of thinking from 
the chemist’s view-point is my own intellectual property. 

2. In sharing the rule between man and nature it naturally happens, 
that man is originally desirous of such chemical phenomena which 
nature does not permit, at least so far as the man does not perhaps 
find new means. Thus all efforts of alchemy to produce gold from 
base metals failed and it seems that they will remain useless for 
long yet. However, great benefit arose from such endeavours, for 
man could thus find out that such changes are quite impossible to 
attain in chemistry, even through efforts however long lasting. 

The chemists have succeeded to condense the experience, that 
countless phenomena are impossible, into a positive statement that 
mutually unchangeable elements continue to exist concealed in the 
substances.*) 

I do not intend now to consider'the question, whether this way 
of expressing the established facts is the only possible one, or whether 
it would be possible to substitute a more suitable one for it; we are 
here satisfied with the knowledge that the facts, on which the idea 
of perpetuity of the elements is based, are absolutely trustworthy. 
The whole chemical literature is founded on it, and when nevertheless 
a more suitable way would be found, it could yet be maintained 
for a long time beside the familiar view, e. g. in solving special problems, 
otherwise the treasures of the older chemical literature would become, 
at least for a certain time, incomprehensible. Only some of the con- 

*) It is not necessary in this connection to regard the more recent observa¬ 
tions on radioactive elements, because thus only the number of the immutable 
elements would be changed, but the magnitude of this number is wholly irrele¬ 
vant as long as it is not reduced to one. . 
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elusions from these fads, which have til! now been overlooked, will 
be treated in this paper. 

Chemistry lias ascertained (against the views current in the first 
two decades of the nineteenth century) that there exist whole series 
of different chemical compounds having absolutely identical percen¬ 
tage composition (proportion of elements composing them); we call 
them isomeric substances (in the broadest sense of the term) distin¬ 
guishing different kinds of isomerism, which does not, however, 
matter at ail for us here. It suffices however, that there exist many 
different compounds of the general formula Culhu, where n may 
be an integer from two onwards. Let the number of these com¬ 
pounds having the same n, be. fifty (considering the possibility of 
the same »constitution«), where this number is again quite indifferent; 
it would suffice, that it is only iarger than two or three. 

Chemical processes, in which one element would change into 
another, are wholly impossible; there are however, certainly possible, at 
least sometimes, such reactions or series of reactions, which lead to 
a change of a compound into another of the same composition; 
otherwise different elements would be involved. When we have, on 
the whole, fifty such substances of the same percentage composition, 
there will be altogether 

changes possible. 

Nobody would admit the idea, that it could depend upon the will 
of any of those compounds, into which compound it desires to change, 
because then each of them would have a choice among fifty different 
possibilities, namely whether it wishes to remain as it is, or to change 
into one of the other forty nine compounds. The given compound 
will thus remain so long unchanged, till we ourselves make its change 
possible. The chemist himself must have the possibility of choosing 
among at least forty nine suitable ways, in order to determine by 
means of them, which new compound of the same percentage compo¬ 
sition should be formed out of the compound originally present. 
Besides this he does not take thereby into consideration the actual 
direction of the reaction; really, it is indifferent to him, whether he 
changes the compound a into l, or whether perhaps on the contrary 
a will be formed from the given l. 

3. It is necessary also to pay attention to further circumstances; 
chemistry, ascertaining that it never can, by the means known hi¬ 
therto, change e. g. carbon, C, into hydrogen, H, (and that just for 



this reason they are different elements), does not have in mind a simple 
process describable by an equation like xC — pH, but it wants to say, 
that even the most complicated series or net-work of chemical changes 
hitherto known does not give such a resuit. 

Thus, if we desire to change a definite member of the series 
On lltn into another one, we must not at the same time expect, that 
this process should be simple and confined only to the one olefine 
On Hin as the original substance and another olefine as the only 
product, though it would be irrelevant for us, which of both is the initial 
and which the resulting substance. The desired change is allowed 
to be a final {algebraic) result of a whole series or net-work of 
reactions; it is thus permitted to use any auxiliary substances in any 
number of simple reactions. A continuous series or net-work of 
reactions arises in such a way, that one uses in each following 
reaction at least one product of some foregoing reaction. We are 
here directly compelled to use up a part of the intermediate products, 
though not completely, it is, however, possible to use up completely 
at least some of them, and then the final result of all reactions of 
the reaction series or reaction net-work can be expressed by a single 
comprehensive equation containing less substances than we have 
actually used or gained. 

4. In order to admit in chemistry, that an isomeric change has 
been accomplished, it suffices, if at least two comprehensive equati¬ 
ons of reaction series or reaction net-works are found, which added 
algebraically give as the final result e. g. 

3 (OIL = 2 O s H 6 

(or inversely), because ail auxiliary substances and their products 
disappear from the calculation, only the two olefines remaining. 

. I am not to blame, if this my exposition will seem to somebody 
too intricate; the thing itself does not permit a simpler explanation, 
if it should be elucidated properly also for a whole series or net-works 
of reactions. The mere composition of both substances can be de¬ 
termined, of course, very simply by burning both substances and 
ascertaining, that — the consumption of oxygen being the same — 
identical products are obtained in both instances, namely the same 
amounts of water and carbon dioxide. 

Only now we have defined properly the accurate meaning of the 
word impossible in the statement, that a transmutation of elements 
is impossible, and therefore a mutual transformation of compounds 
of the same composition possible. Isomeric substances (in the widest 
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sense of this term) were oniy a suitable instance for this explanation. 
The words possible or imposible are not, of course, without any 
definite meaning, but have in addition to this here aiso a very un¬ 
certain meaning. 

5. On another occasion 1 intend to treat more fully those instances, 
where changes hitherto impossible in chemistry are involved. Now 
1 am pursuing another series of thoughts, desiring to know where 
chemical changes are possible, which by no means yet does signify 
actual (real) changes. These have obviously under given circumstances 
a very definite direction, and in time their beginning and end. 

The cooperation of the chemist in the control of chemical phe¬ 
nomena has the effect, that we can always confine ourselves to 
a single (isolated) reaction, because the net-works and series of such 
reactions can be always disentangled into their simplest parts. 

Man can influence the substances in two ways only: either by 
means of other substances , or by means of suitable forms of external 
energy. 

6. The hitherto prevailing chemistry instructs us with an absolute 
confidence, which changes of substances are impossible with the aid 
of means known to us up to now, but it leaves us in doubt, under 
which conditions the individual possible changes become real; surely, 
chemistry has accumulated also in this direction many valuable expe¬ 
riences, but whilst the elements are scrupulously recognized and 
counied, we have no systematically ordered knowledge about the 
number and nature of means, by which the possible changes of 
substances are accomplished. 

Even for the reason, that chemistry, pure and applied, is based 
throughout on experimental knowledge, all means, by which the 
possible chemical changes of substances are performed, have in one 
sense the same character: they are throughout performances depen¬ 
ding on the free will of the experimenter. Surely, considering the still 
incomplete investigation of certain phenomena, changes also exist, 
which are not controlled entirely by us; then the whole effort of the 
chemist is to remove this unsatisfactory state and to recognize the 
conditions of the phenomena in question so completely, that he could 
control them and be able either to realize or to prevent the changes 
by his will. In the well explored fields of chemistry we may call every 
act of the chemist, which is directed to a realization of possible 
chemical changes, a chemical operation. From this definition then 
exclude themselves some phenomena (like certain changes of radio- 



active substances), as tar as the chemist cannot influence them at all 
because then there is in our sense no difference between possible 
and real phenomena, and only actual processes are 'going on. 

7. The most fundamental part of this investigation is, in my 
opinion, a clear statement of a very old experience known to every 
chemist, but never formulated before, that very often a single ope¬ 
ration does not suffice to accomplish a “possible” chemical change, 
and that for this purpose, there is necessary more than one operation 
generally, of course, a small number of them, if we confine ourselves 
to individual reactions. 

“Possible” changes, which are not realized because all conditions, 
are not fulfilled, could be called with the same right impossible; but 
then confusions would arise, because we have distinguished already 
in another sense between possible and impossible changes, and it is 
necessary to use words always in the same sense; for this reason 
it is not admissible to use these terms otherwise than they were used 
previously. 

Before the discovery of isomerism in about 1820, chemistry knew 
only two different states of the same matter, namely the state of 
“physical mixtures’’ and that of “chemical compounds”. 

The old discrimination of the physical and chemical states was 
retained, it is true, till now, but there are not always only two such 
states of “the same” substance, but a whole series of them is pos¬ 
sible. Formerly it was possible to consider all external influences 
conditioning the one or the other state as fully equivalent and their 
dissimilarity as indifferent. From that time, however, it would have 
been advisable to pay attention to their diversity. 

8. The chemist controls by his operations the phenomena studied 
by him not only so far that he realizes them after his will — as far 
as they are possible in the present time —, but that he knows to 
prevent them also; for this purpose it suffices, of course, to omit 
any of the operations necessary for the realization of the possible 
phenomenon. 

Where more such operations are needed, it suffices, of course, 
to omit even one single operation, but it is admissible also to omit 
two or three or all operations respectively. When three operations 
are necessary to accomplish one reaction, the number of ways possible 
of preventing this reaction is given by 
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The most usual way of such operations is so familiar to us, that 
we do not even speak at all about it; it is bringing into contact 
different substances. 

The contact of a given substance with any other cannot be pre¬ 
vented on earth, but it is nevertheless possible to restrict it to the 
contact with substances which are. quite indifferent, physically as well 
as chemically, to the given substance; the possibility of a satis¬ 
factory choice of different pairs of phases, of which at least one has 
a sufficiently stable form (being a solid), is thus the most common 
supposition for chemist’s control over the possible changes of 
substances. 

By means of indifferent substances the chemist can also determine 
the amounts of active substances, which he desires to subject to 
a chemical change, of course, only in so far as the individual quan¬ 
tities have at least microscopical dimmensions. 

9. From the foregoing it is evident, that a mere contact of substances 
cannot be under all circumstances a sufficient cause for bringing 
about an actual chemical change; very often, it is true, the direct 
contact of two substances is a necessary condition for the change 
to be possible at all, but the sole contact is not yet sufficient for 
the change to become real. Besides the immediate contact of at least 
two substances capable of a chemical reaction (if a single substance 
does not suffice) there are usually necessary for a chemical reaction 
further additional interventions (or operations). 

Indeed, even physico-chemical phenomena (like a formation of 
a new phase) are not usually caused by a mere contact of the initial 
substances, requiring the simultaneous presence of nuclei of the new 
phase, e. g. minute bubbles or tiny crystals. 

In order to avoid confusions we must remember, that the physical 
state of every body changes with pressure p, and temperature t; 
speaking of a matter at rest we must really think of a continuous 
surface variety of the states at rest. Here we have in mind such 
instances, where the given matter “can” pass into at least two different 
surface varieties of states. The number of the remaining operations 
besides p and t must be equal to the number of these varieties, into 
which the given, system is still capable of entering, whereby it is assumed, 
that the present state of the system is a state of chemical rest. 

The word “still” is here used on purpose, because the present 
state of the substance (or substances) must be also possible. 



10. We can think here of material systems in general, not only 
of the simple reactions, for even whole systems of substances cannot 
have any will. Where there is possible a continuous series of different 
states of rest, there must be at the disposal of the experimenter also 
an operation capable of a continuous gradation (e. g. measuring off 
of the amounts of mass and energy); where, however, only a final 
number of discreet states of chemical rest is invoived, the experimenter 
must be able to dispose of as many discreet ways of operation, as 
there are possible transitions from the given state of masses in 
chemical rest into other states of chemical rest. In pure physics such 
Instances as a rule do not occur. 

The transition from one state to another must certainly take 
place through a continuous series of states, though not those of 
equilibrium, but the persistency of matter in a state of chemical rest 
is a proof, that the existence of those continuous transitions is not 
yet sufficient to make a transition into another state possible. This 
happens, when there are (under the same physical conditions) more 
states of chemical rest possible than one, and the dead matter should 
itself decide, which “way” it will go. For a possible transition condi¬ 
tions of a quite different kind must be lacking, and such can be 
always understood as discreet in contradistinction to the continuously 
variable physical quantities, which determine externally the present 
state of rest. 

11. Such discreet operations are needed apparently only where — 
speaking metaphorically — the matter under given circumstances 
gets at a cross-road, and there must be at least as many such 
operations as there are different chemical ways leading from the 
crossing. I say at least, because it seems, that sometimes it is 
possible to induce the matter by various interventions to go the same 
way. Then, of course, we shall consider the interventions as equivalent 
and take always only one of them into our account. 

With this restriction it is then evidently possible to make the 
statement, that for matter at a chemical cross-road the chemist must 
be able to apply as many discreet interventions, as there are different 
possible ways supplied by nature for changing the matter. 

12. In order to have a concise term for the discreet interventions, 
I am choosing a technical term from physiology, namely stimulus. 

Those interventions of the chemist, whereby variable quantities 
defining the present state of a given matter are changed continuously. 
I called already many years ago actions, and I still retain this term, 
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Where there is no cross-road, there only actions are involved, and 
these are capable of a continuous variation (like changes of tempe¬ 
rature, pressure and of the quantity of matter). If several substances 
are involved in the reaction, the chemist instantaneously adds in his 
mind also the bringing of the substances into immediate contact; 
this, however, does not harmonize with the views here pleaded for, 
as the chemist always can, if he pleases, either bring into contact 
the chosen quanta of selected substances or not, whereby, of course, 
the indifferent substances are not considered. 

We have an old term for a pair of substances, which do not 
react even when brought into contact, though we should expect, that 
they are capable of reaction and would certainly react under changed 
conditions. We call them passive substances in contradistinction to the 
active ones, which (under given physical circumstances) begin to react 
promptly, if brought into contact, and to indifferent substances, which 
do not react with one another at all. Of course, the discrimination 
between passive and indifferent substances has not been observed 
strictly, because it did not matter as yet. However, the origin of pas¬ 
sivity is now quite clear: there has not been fulfilled some discreet 
condition of the expected phenomenon. Thus there happens either 
nothing at all, or something quite different than has been expected.*) 

*) The last words contradict to a certain degree the foregoing considerations, 
but I doubt that one would be therefore inclined to attribute a free will to sub¬ 
stances. There are still several difficulties about the phenomena of passivity and 
it seemed sometimes, that the activity of (metallic) chromium can change perio¬ 
dically into passivity and, what is more, that this can happen in periods depending 
on the quality of the chromium itself; however, it has been shown that accidental 
influences were operating in this instance. 

i myself was puzzled by the above sentence, that something else can happen 
than is expected, when studying passivity, though all conditions of the expected 
phenomenon are not fulfilled, and nothing at all should happen according 
to foregoing considerations. I have written the sentence in view of the passivity 
of iron in concentrated nitric acid, where the iron is covered by a layer of inso¬ 
luble iron oxide instead of being dissolved in the ordinary way. 

It was clear to me, that 1 have encountered some tacitly made assumption 
in my considerations, which is not generally valid. 1 have not sought it long, because 
already 25 years ago I was occupied with considerations, where this assumption 
did not appear, but then I did not arrive at an application of my considerations. 

The considerations made hitherto in the present investigation suppose tacitly 
such instances, where it Is possible to regard the discreet operations or stimuli 
as equivalent in so far, that every reaction possible at a cross-road requires the 
same number of them; thus It is entirely Irrelevant where we begin in performing 
them. But this assumption can be sometimes erroneous, e, g, then, if some sup¬ 
positions exclude each other altogether , as the conditions in the reaction of iron 



I have to mention also, that in my considerations given above 
there is concealed one more tacitly made supposition , namely that 
the substances considered contain a sufficient amount of their own 
energy in appropriate form for our reactions to be possible without 
a supply of suitable external energy, e. g. voltaic current, exposure 
to radiation of a proper quality etc. Also here we shall have to dis¬ 
tinguish continuously variable quantities (actions; from the mere 
stimuli , as e. g. electric or other sparks, sound-waves, or impacts 
of any kind; we may recall to mind the latent photographic image 
and similar instances, where the expended energy is in no unambi¬ 
guous relationship with its effect on the matter capable of reaction, 
so that we use to be surprised by the want of proportion between 
both of them. One single spark can ignite an unlimited amount 
of an explosive and destroy a whole town. 

Generally it is evident, that man can act upon a substance only 

by means of matter or energy , and this gives us also one possibility 

of discerning the stimuli. 1 have mentioned above some energy stimuli; 
about the material ones we can say, that besides the contact of the 
reagents we may include among them also the catalyzers , internal 
and external. For an internal catalysis, a component contained in the 
respective phase suffices, the amount of which, however, is not 

changed by the reaction; the external catalysis is caused by the 

neighbouring phase, which itself is not changed chemically. 

The action of the external energies may be called an elevation 9 
when the amount of the received energy is proportional (at least 
in infinitesimal changes) to the amount of the matter transformed. 
Where there is no obvious relation between energy and amount 
of matter transformed, the action is a stimulus. 

13. Chemistry has rightly endeavoured for a long time and with 
considerable success to prepare every compound and every element 
in a state of the highest possible chemical purity , because the pre- 

with nitric acid. The concentration of the acid cannot be in the homogeneous 
add low and high at the same time ; after ail, the acid in question is, besides, not 
entirely pure being contaminated with oxides of nitrogen, which may here act 
as catalyzers. Also the eventual passivity of iron is a final result of a certain 
process , which requires a definite, though brief time. 

In reading the proofs I find that the difficulties are caused by the hitherto 
prevailing ambiguity of the word passivity, which in the instance of iron does not 
accord with my above-cited definition. I have also overlooked, that it may be 
important, in which order the chemist applies his interventions (actions and stimuli), 
because the stimulus must be often the Iasi of them. , 
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sence of any unknown component involves a possibility of unforeseen 
chemical reactions and thus also a possibility'of different failures and 
errors. These last are made especially in seeking components of a sub¬ 
stance not yet investigated, be the research undertaken for an analytical 
or a preparative purpose. 

The prescriptions for chemical work are distinguished in general 
by a great exactness, otherwise the practice would soon discover 
their imperfection. 

Up to now theory was not aware of the undeniable fact, that 
generally the contact of the necessary substances is not the only 
condition of the reaction. In chemical equations only such substances 
are named, the amounts of which are changed by the reaction, 
whereas the other conditions are mentioned only in the text of the 
explanation. Thus sometimes the influence of substances is often 
overlooked, the amount of which is not changed in the reaction, 
e. g. the influence of the solvent. 

Worse still, that during half a century many chemists denied the 
possibility of catalysis-, it was ascertained quite definitely by Liebig 
and Schonbein, but not before Ostwald was the right place 
in chemistry assured for it. In spite of this it remains for many 
up to the present an isolated and therefore mysterious phenomenon. 
Catalysis as a very often necessary and therefore very frequent 
stimulus naturally accords well with my views. 

14. The cooperation of the chemist in the control of possible 
reactions is realized just by his selecting the substances which he 
allows to change chemically and by reducing the number of sub¬ 
stances to a necessary minimum in every instance. If he would not 
do it, accidental causes would decide, what will happen, e. g. a mere 
stirring up of a heterogeneous mixture of different initial substances. 

We may say figuratively, that we often see matter hesitating, 
in what direction it would go, but the chemist knows, how to bring 
about the decision by his interventions. Here it is opportune to mention 
also a reverse phenomenon; a chemist having a sufficient knowledge 
of his department is able to determine the future of his substances, 
but he can only to a very slight degree disclose their past from 
their present state. A mixture of water-vapour, and carbon dioxide 
for instance could originate chemically either by combustion of carbon 
and hydrogen with oxygen, or by combustion of carbon monoxide 
and hydrogen with addition of water. Besides this, there is a multitude 
of organic substances, which burnt with oxygen give carbon dioxide 



and water. The proportion by weight of both products or combustion 
is usually different and permits often to recognize the burnt sub- 
stance, but this recognition would be ambiguous with isomeric sub¬ 
stances or with mixtures, and becomes possible only with the aid 
of additional evidence. 

15. We have seen, that the prevailing theory of chemical pheno¬ 
mena acts very arbitrarily in judging about the actual direction 
of reactions, but the direction of a reaction has such an importance 
for chemical practice, that attempts were made since long ago to foresee 
it with the aid of the doctrine of chemical affinity, though with little 
success. 

Starting from Carnot’s views, thermodynamics, called also the 
second law of the mechanical theory of heat (Clausius, Thomson, 
Rankine, Massieu, Gibbs, Duhem and others), developed 
in the second half of the past century (beside the still rather new 
doctrine on the conservation of energy). Thermodynamics teaches, 
that in all natural processes entropy increases, where entropy is 
a mathematical quantity which can be defined precisely only for 
reversible processes, these being only limits of actual processes. 
Though there is no doubt, that the doctrine of the increase of en¬ 
tropy is valid in its whole extent also for chemical phenomena, con¬ 
siderable difficulties are involved in its application in chemistry, be¬ 
cause we succeed only exceptionally in determining the differences 
in entropy between the initial and final state of the substances 
considered. 

A part of these difficulties has been removed successfully by 
Nernst assuming, that all chemical energy at the zero point of abso¬ 
lute temperature is to be considered as “free” energy. The term ‘‘free” 
energy was introduced in thermodynamics by Helmholtz, the very 
idea having been conceived already by Gibbs (1878), some years earlier. 

To be brief in the following explanation I mention, that Gibbs 
formed four different functions out of the following terms: 

1. internal energy of a body, 

2. product of absolute temperature and entropy, 

3. external work = pressure multiplied by volume. 

These functions are especially convenient for solving physico¬ 
chemical problems, but each of them in different conditions. It only 
matters which variables are considered as independent; *) I confine 


•) Ostwatd’s translation of Gibbs’ work, Thermodynamische Studien, 
Leipzig 1882, p. 105, equations (90) - (102). 



myself intentionally to instances in chemistry, where we regard as 
independent quantities only the components of a phase, but not their 
independent “potentials'’ (of Gibbs). 

The quantities: entropy and absolute temperature can be comprised 
together as thermal quantities, the quantities: pressure and volume 
as HwA-quantities. Practically no other kinds of energy are considered 
in Gibbs’ work than these three: heat, work and chemical energy. 

According to Gibbs we can choose the independent variables 
so, that one of them is a thermal , the other one a work- quantity;. 
suitable combinations of the independent variables are thus: 

1. entropy, volume, components 

2. absolute temperature, volume, components 

3. entropy, pressure, components 

4. absolute temperature, pressure, components. 

In the first instance a suitable thermodynamic function is the 
internal energy itself, in the second one a function, which is ob¬ 
tained by subtracting the product of absolute temperature and entropy 
from the internal energy (Helmholtz’s free energy), in the fourth 
instance a function, formed by adding the product of pressure and 
volume (or the external work) to the free energy (Duhem’s thermo¬ 
dynamic potential). The function suitable in the third case, namely 
the sum of the internal energy and the product of pressure and 
volume, was called recently by G. N. Lewis the heat content. 

The independent variables in any of these functions we may, of 
course, always consider as constant, regarding only the independent 
variations of composition, which obviously may be also constant. 

It will be often possible to speak of the thermodynamic functions 
and of the thermal and work-energy without determining, which 
combination of the independent variables we have in mind; the reader 
will have to choose for himself the independent variables and the 
appropiate function. 

Every kind of energy considered here appears as a product of 
two quantities, one of which is regarded as independent; Gibbs 
has shown, that choosing properly the respective thermodynamic 
function we can determine the second quantity simply as the partial 
derivation of that function or (geometrically) as the tangent in the 
correctly chosen plane parallel to two axes. 

This is the reason, why Gibbs’ functions are superior to others.*) 


*) 1. c., p. 105 (foot-note). 
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16. I cannot omit here the remark, that in pure chemistry the 
coupled ideas “independent and dependent quantity" do not occur 
at all and the chemists use to know them only from the study of 
' other branches; this is probably the cause, why the consideration 
of the experimenter’s activity could have disappeared so completely 
from chemistry, that it is necessary to-day to demonstrate to chemists 
quite emphatically, that the cooperation of the chemist with nature 
in chemistry is entirely indispensable, in the laboratory as well as in 
the factory. A mathematician could never forget so completely, how 
much of his own will is conceded to him for the free determination 
of certain quantities by the mathematical problem just chosen, and 
the same may be said analogously of a physicist. In chemistry always 
this or that is going on, but in never enters into anybody’s mind, 
what is man’s own share in nature’s actions. 

This manner of thinking was obviously entirely strange to Oibbs, 
as far as he was occupied by mathematical or physical considerations, 
where he was saved from committing an error just by both the no¬ 
tions “independent” and “dependent’’. He laid stress on them even 
in the chemical part of his investigations, but the chemistry of fifty 
years ago could not give him any appropriate instruction on the 
number of discontinuities which are to be taken into account when 
studying chemical problems; indeed, chemistry cannot do this even 
to-day. 

A genius like Oibbs could have easily constructed from this 
a perfect theory of all chemical phenomena, but without the knowledge 
of the accurate number of the discontinuities he could not but stop 
on the half-way. He avoided all problems, which are specifically 
chemical, and confined himself to only some of them (e. g. dissociation, 
galvanic phenomena, chemical changes connected with capillarity!, 
which he could solve in spite of the mentioned inadequacy. 

Nevertheless he recognized the importance of catalyzers and also 
that of stimuli like sparks etc.; some of the discontinuities he reduced 
to possible differences of his fundamental equationsc valid for diffe¬ 
rent phases, but still it seems to me, that he sometimes was embar¬ 
rassed by troubles caused him by chemistry of that time, the origin 
of which he did not succeed in discovering. 1 feel it today quite plainly 
in reading all paragraphs of his work, which concern especially 
chemical questions: particularly, where he is speaking about»possible;: 
chemical phenomena;*) there his exposition-, otherwise always very 

*) 1. c. p. 69-74, 164-171. 



concise and clear, evidently suffers from vagueness of the chemical 
conceptions about, what is 2 possibles He might have felt well, that 
the realization of a process can depend on the fulfilment of several 
discreet conditions; but as long as one of them is not fulfilled, we 
can say with the same right, that the process is »possible*, as well 
as that it is »impossible*, because in this instance the possibility as 
well as the impossibility have different degrees. The process is absolu¬ 
tely im possible, if there is not even one of the conditions fulfilled, 
it is ^possible*, if the first condition is fulfilled, »more possible*, if 
also a second condition is satisfied, etc., until the last condition is 
fulfilled. Then, of course, it becomes a real process, — if it is »pos¬ 
sible* at all under the given conditions. This logical confusion arises 
just through the idea of ^possibility^ being too indeterminate without 
the gradation or discontinuity in the instance of several (may be only 
three) conditions, especially when studying thermodynamic equili¬ 
brium, where even the »most possible* process does not go on. Gibbs, 
however, confined himself to ^possible**) processes, and the vague¬ 
ness of this notion was thus transferred automatically to the conception 
of the thermodynamic equilibrium , where nothing is going on. 

Just about the number of the different degrees of possibility 
chemistry could not tell him anything reliable. 

1 consider the revision of the ingenious investigations of Gibbs 
on thermodynamics in the just indicated direction as my next task; 
in this communication 1 shall mention only some of the preliminary 
preparations undertaken with this aim in mind. 

17. I was using the word »rest« consequently already in all my 
above considerations aiming at an elucidation of the new chemical 
notion »stimulus*. The chemical operations are divided naturally 
into actions and stimuli. The actions can be expressed by means 
of independent variables, but not the stimuli, because there is no 
definite relation between their magnitude and the magnitude of their 
effect upon the chemical state of the matter in question, the variation 
of these magnitudes being not continuous. 

Each individual state in itself is a variety of as many dimensions 
as there are actions-, how many dimensions we admit for the quan¬ 
tities dependent on the actions, is really arbitrary, but Gibbs has 
shown, that in general one single dependent variable with a suitably 
chosen thermodynamic function suffices, because then we can deter¬ 
mine the values of the other important quantities by simple differen- 


) 1. c., p«, 69 above. 



tiation, or geometrically by drawing a tangent correctly. We can speak 
of an equilibrium state of a substance (or several substances) only 
in so far, as no stimuli, or at least no new stimuli are intervening; 
contact stimuli supposed to exist in a system are, of course, admis¬ 
sible, but not any changes of their number, except on the external 
boundaries of the whole variety, for these boundaries mean a new 
kind of discontinuity. In chemistry it is risky to call every final state 
an equilibrium state, if it can often be changed into a chemical action 
without the influence of external energy by a mere addition of a bit 
of a catalyzer or by a spark. Therefore 1 now prefer to speak of 
a final state of rest instead of an equilibrium state. A present state 
of rest can be followed again by a process ending in a new state 
of rest; this, however, cannot proceed for ever , but only in a finite 
number of steps. Since in chemistry the present state of a certain 
substance (or substances) can, under the influence of stimuli, go over 
into another state, which appears again as a variety depending on 
external actions, and since again there is another state of equilibrium 
possible, it is necessary to distinguish these possible, but evidently 
diverse states of equilibrium by an appropriate name, e. g. as the 
chemical states of rest. Thus confusions will be prevented, which 
can be caused, especially in chemical problems, by calling equilibrium 
states those, which are fundamentally different; an equilibrium state 
is a special instance of a state of chemical rest and these may be 
many. Moreover, a state of chemical rest can be connected with 
physical changes of temperature and work. 

A more detailed elaboration of this idea requires, however, aban¬ 
doning the chemical notion of a phase component ; this notion is un¬ 
suitable even for the reason, that it was shown to be considerably 
vague at the very beginning of this communication. How it can be 
changed without affecting the chemical experiences on elements, will 
be dealt with in a further investigation of mine and is after all already 
rather evident from my “Chemistry of phases”.*) 

The chemical rest is quite well consistent with a physical unrest, 
and physical unrest with a simultaneous chemical unrest. On the. 
contrary, however, the physical rest cannot be consistent with a che¬ 
mical unrest, even then not, if the chemical change would not be 
connected with changes of energy.**) The chemical rest is well con- 

*) “Cheraie fazi” by Prof. F. Wald, edited as a booklet by the Ceskd Akademie 
vld a ument, Praha, 1918. 

**) Hither belongs perhaps the stereoisomerism. 
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sistent with the physical one, and then we have a “thermodynamic 
equilibrium”, as far as the intervention of stimuli is excluded and 
only infinitesimal reversible changes of the independent variables 
(i. e. actions with the exclusion of stimuli), whether material or energy 
changes, are permitted. 

A natural contrast to every rest is unrest, process or commotion. 

The following proposition can be made basis of the whole thermo¬ 
dynamics: 


“No commotion lasts for ever," 



SUR L'ACTIVITE DU PROFESSEUR F, WALD 
EN CHIMIE ANALYTIQUE 

par O. QUADRAT. 


Avant son entree a 1’Ecole Polytechnique tcheque de Prague 
comme professeur de Chimie physique et de Metallurgie, ie pro- 
fesseur Wald fui pendant 26 ans (depuis 1882) au service de la 
;)Prazska zelezarska spolecnost« comme chimiste en chef de ses 
forges a Kladno. Bien qu’il s’occupat deja a cette epoque-ia inien- 
sement de problemes theoriques, il elabora pour ies besoins des 
forges de Kladno une serie de methodes d’analyse remarquables 
dont queiques-unes seuiement ont ete publiees. Lui-meme ne voyait 
dans ces travaux que le cote secondaire de son activite. Malgre cela, 
nous croyons necessaire de tirer de l’oubli ces methodes qui meritent 
d’etre mieux connues pour leur originalite et ingeniosite incontestables. 

1. Des 1883, alors qu’il avait 23 ans, Wald rempla^a ia me- 
thode titrimetrique de Pen ny-Kessler pour doser le fer au raoyen 
de chromate, par la methode au permanganate, et cela independemment 
de Reinhardt. 

H. La methode de dosage du manganese dans les fers, elaboree 
par Wald en 1892, a maintenu son rang jusqu’au temps present ou 
elie a trouve une application au dosage du manganese dans les aciers 
speciaux. 

Void le principe de cette methode: Le manganese bivalent est 
oxyde, en .milieu neutre, en bioxyde de manganese au moyen du 
permanganate dont l’exces est reduit, par de I’alcool, egaiement en 
bioxyde de manganese. Le MnO« total est dose par iodomdrie. Le 
manganese contenu dans I’acier est donne par la difference entre 
celui trouve iodometriquement et celui qui repond au permanganate 
mis en reaction. La precipitation du bioxyde de manganese se fait, 
apres l’elimination du fer, au moyen de 1’oxyde de zinc. 

Mode operatoire: 275 gr d’acier sont dissous, en ballon d’Erlen- 
meyer d’un 1 / 4 de litre, dans 50 cc, d’acide azotique de densite 1‘2, 
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Le ier esi precipite par XnO, et le volume est complete jusqirau 
trait de jauge. Du filtrat obtenu par passage a travers un filtre sec, 
on preleve 100 cc. (ce qui correspond a PI gr d’acier), et Ton verse 
dans un vase a precipiter de 0 - 5 l de capacite. On ajoute d’abord 
10 cc. dune solution d’acetate de sodium (obtenue en dissolvant 
500 gr de ce sel dans 1 litre d’eau et en ajoutant 120 cc. d’acide 
azotique de rl — 1 - 21 a un demi litre) et 100 cc. d’eau. Puis on y verse, 
a 1’ebullition, 20 cc. ou le multiple de ce volume de solution per- 
manganique (0-790 gr de KMnO. { dans 1 litre, done if 1/40), en ay ant 
soin que la liqueur au-dessus du precipite de bioxyde de manganese 
reste visiblement rouge meme apres 5 minutes d’ebuliition. L'exces 
de permanganate est reduit par addition de 10 a 15 cc. d’alcool dilue 
(1:9), apres quoi on dilue par 100 cc. d’eau et l’on abandonne a la 
temperature ordinaire. Au liquide refroidi on ajoute 1 a 2 gr d’iodure 
de potassium et 10 cc. d’acide chiorhydrique (d --- V2), et 1’iode separe 
est titre au moyen d’une solution N/ 50 de thiosulfate de sodium 
dont l'exces est determine par titrage en retour au moyen d’une 
solution d’iode j\ T /5Q0. 

Pour preparer 1’iode if. 500, on reduit, dans un ballon jauge de 
100 cc., 8 cc. d’une solution de permanganate par une solution de 
sulfate de manganese, on ajoute un peu d’iodure de potassium et 
0 - 5 cc. d’acide chiorhydrique, et 1’on ramene le volume a 100 cc. 

Le titre du thiosulfate (5 - 3 gr de sel dans 1 litre d’eau) est de¬ 
termine par 20 cc. de permanganate (repondant a 25 cc. de Na 2 S 2 0 n 
rigoureusement if 50). 

La solution de sulfate de manganese precipite une quantite connue 
de bioxyde de manganese, et I’iode mis en liberie de 1’iodure de 
potassium est titre par le thiosulfate if/50 dont l’exces est determine 
par la solution d’iode if/500. 

La methode de Wald est caracterisee par 1’addition du sulfate 
de manganese egalement tors de la preparation de 1’/ if/500 et iors 
de 1’etablissement du titre de Phyposulfite. L’auteur a constate, en 
effet, que la mise en liberie de I’iode de 1’iodure de potassium a lieu 
d’une maniere complete et avec une vitesse suffisante seulement dans 
le cas ou le permanganate a ete reduit au prealable a 1’etat de bioxyde 
de manganese. 

La methode que nous venons de decrire n’a pas ete publiee par 
M. Wald Iui-meme. Par tradition orale, elie s’est repandue dans les 
laboratoires d’un nombre considerable de forges, ou elle servait au 
dosage courant du manganese avant que ne fut mtroduite la methode 
de Smith au persulfate. Dependant, meme de nos jours, elle n’a rien 



perdu de son importance, car elie s'est numiree ires antageuse 
pour determiner ie manganese dans ies acier? au au 3/>-. 

a is If. 

La methode de Wald a ete decrite par E. Klfma \Chem. Zig. 
1925, p. 709) et j. Kassler {ibid., 1929, p. 719). 

HI Les autres recherches anaiyiiques du professeur W a S d ont trait 
aux meihodes gazometiiques. L’appareil dont ii se servait pour 1’ana- 
iyse des gaz de forges et de mines, ainsi qu’au dosage voiumetrique 
du carbone dans !e t'er, est base sur Fidee de Hem pet de mesurer 
les gaz a volume constant et de determiner ia pression exercee par 
ie melange gazeux au cours de i’elimination successive de ses constitu¬ 
ents. Les pressions trouvees a volume constant sont, selon ia loi de 
Boyle, proportionnelles aux volumes gazeux a pression constante. 
L’appareil gazometrique de Wald comprend un vase mesureur sphe¬ 
roidal dans Sequel !e gaz est, apres les diverses mesures, ramene 
a volume constant a 1’aide d’un vase de nivellement. Au tube reliant 
ie vase mesureur avec le vase de nivellement est branc'ne un mano- 
metre. L’appareil est rempli de mercure, les gaz sont mesures a Fetat 
sature d’eau. Lorsque le gaz, apres les diverses absorptions, est ra¬ 
mene au volume constant dans le vase de mesure, le barometre in- 
dique la pression a laquelle est proportionnel Ie volume du gaz. 
L’appareil a ete utilise par le professeur Wald des les premieres 
annees de son service aux forges de Kladno, mais 1’auteur n’a 
jamais publie sa description. 

IV. En 1888, M. Wald publia dans Forgane de la Societe chimique 
tcheque »Chemicke Listy« un memoire sur les calculs graphiques 
des analyses chimiques ou if recommande pour le calcul rapide des 
analyses frequenfes de tirer profit de la similitude des triangles. II a 
ainsi avance sur son temps, car les methodes de calcul graphique 
ne s’etablirent dans la pratique industrielle que beaucoup plus tard. 

V. Une idee non moins originale est celle qui doit servir a la 
dessiccation des matieres hygroscopiques: en 1889 (voir Chemicke 
Listy), il propose de placer dans 1’etuve ia matiere a secher non pas 
libre, mais emprisonnee dans le dessiccateur. 

VI. Pour le dosage du carbone dans les fers industriels M. Wald 
elabora une methode qui a rendu d’excellents services dans les for¬ 
ges de Kladno avant 1’adoption de la methode de Mars. II dissolvait 
l’£chantillon du fer ou de l’acier, sous pression tres reduite, dans 
un melange d’acides sulfurique et chromique, et determinait le gaz 
carbonique forme dans l’apparei! mentionne plus haut sous III. 
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vii. Le dernier ties travaux anaiytiques du professeur Wald est 
la methode de dosage de l’oxygene dissous dans le fer et d’autres 
metaux, communique au VI it,nc Congres de Chimie appliquee ft Berlin 
en 1903. La disposition experimentaie de cette methode porte le cachet 
de 1’ingeniosite de son auteur. La prise d’essai en forme de copeaux 
(1 gr) est introduite dans un petit vase en quartz, forme par un tube 
en forme de chassis rectanguiaire et ayant 15 cc. de capacite. Le 
vase est rempli d’hydrogene, puis muni d’un bouchon par lequel 
passe un tube a mercure servant de manometre. La prise d’essai est 
ensuite fortement chauffee, cependant que le vase en quartz est re- 
froldi, a un autre endroit, par un melange de 00 2 solide et d’ether. 
On obtient ainsi une parfaite circulation de I’hydrogene et la con¬ 
gelation de la vapeur d’eau due a la combustion de 1’hydrogene par 
l’oxygene contenu dans le metal. L’eau est dosee en determinant 
la pression du melange gazeux a 0° et a 100°. Si l’on opere simulta- 
nement avec un vase de quartz de volume egal et garni d’hydrogene, 
ia pression de la vapeur d'eau est donnee par la difference entre les 
pressions du melange gazeux d’une part et de 1’hydrogene seul 
d’autre part. 

VIII. Rappeions brievement que le professeur Wald a, en outre, 
publie une etude experimentaie sur la reduction du minerai de fer 
{Chemicke Listy, an nee 1892). Dans ce travail, il etudie la proportion 
des deux oxydes de carbone dans les gaz des hauts fourneaux au 
point de vue de 1’exploitation rationneile. A ia meme epoque (1893) 
remonte son interessante etude sur la combustion du gaz de gazo¬ 
gene dans les fours Martin, oil il proposa un nouveau mode de 
caicul pour proportionner les chambres de regenerateurs. 

Les travaux anaiytiques du professeur Wald temoignent d’une 
ingeniositd et d’un rare entendement des conditions auxquelles doivent 
satisfaire les methodes anaiytiques de la pratique industrieile. Quei- 
ques-unes de ces methodes gardent leur interet m&me aujourd’hui, 
quarante ans apres leur elaboration. 



ELECTROLYTIC TRANSFERENCE OF WATER IN DECI- 
NORMAL SOLUTIONS OF HYDROBROMIC AND HYDRO- 
IODIC ACIDS AND IN NORMAL SOLUTION OF POTASSIUM 

IODIDE 

by J. BABOROVSKY and A. WAGNER. 


As the continuation of our researches on the estimation of hydra¬ 
tion of ions by Baborovsky’s method we investigated lately deci- 
normal solutions of hydrogen bromide and iodide and approximately 
normal solutions of potassium iodide. 

The procedure of measurement — already described in detail 
elsewhere 3 ) — consisted in electrolyzing the solutions in a bipartite 
/ r -apparatus the parts of which were separated by a membrane of 
parchment paper. The mass of the anode or kathode solution was 
determined by weighing the corresponding part of the apparatus be¬ 
fore and after the experiment. The anodes were spirals made of pure 
silver wire, the kathodes, made of the same material, were covered 
electrolytically by a layer of silver bromide or iodide. The amount 
of electricity passing through the solutions was measured by means 
of a silver voltameter. 

The transference of the electrolyte and of water was calculated 
from the known mass of the electrolyzed solution and its composi¬ 
tion before and after the experiment determined gravimetrically. From 
these values then the corresponding true transport number of the 
kation, 1 — N, and the electrolytic transference of water, E, (the num¬ 
ber of grammolecules of water transferred by 1 F of electricity), 
were calculated, both values without regard to the influence of the 
membrane. 


Experiments with // 101/ifr-solutions. 

The results of these experiments, given already in a preliminary 
communication, 2 ) are summarized in Table I. 
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Table 1. 

/< 10 lIBr. 




o 

4. 

5. 

6. 

Experiment 


anode 

anode 

kathode 

kathode 

Voltameter reading in 

.'/#■>■ . . . 

0*0753 j 

0*0747, 

0*0743. 

0*0748. 

Voltameter reading recalculated 





in ffi'x of Hr . . . , 


0*055iv 

0*0553, 

0*0550; 

0*0554,., 

Change of weight of ai 

node and 


0*0362, <a.j 

0-0553. ia.j 


kathode resp. in '//•* 


0*0503. op. 

0-0545, fk.. 

0-0551. (k, 

0*0557,j 

Weight of the > bcf „ re 
electrode so- ! . 

, . aster 

lutioit in tit's 1 

the expert. 

27*0365. 

26*9795; 

27*0817, 

27*0251 : 

27*0784, 

27* 1397 s 

27*0167. 

27*07§4 : 

Concentration of the j 

original 

0*8134, 

0*8135, 

0*8135* 

0*8137, 

electrode solution: j 
of HJir in 100 | 

anode 

0*6337. 

0*6353 : . 

— 

— 

" of the solution * 

kathode 

— 


0*9902;; 

0*9920. 

H Hr transferred in ijr 


0*0487, 

0*0486 : 

0*0484, 

0*0488, 

IIJi transferred in nr 


0*0082. 

0*0070 L 

0*0128, 

0*6139, 

1 - .Y ...... . 


0*863 

0*867 

0*869 

0*869 

r 


0*653 

0*634 

1*036 

1116 

Temperature in " C . 


22*5 

23*3 

23*2 

23*1 


li is remarkable, that the values of 2 derived from the anode 
experiments differ considerably from those of the kathode experi¬ 
ments, though a fair agreement of the anode values is shown as 
well as in the series of kathode values. Thus the asymmetry of the 
electrolytic processes on both electrodes, observed already in our 
previous investigations as well as in the work of Re my, 3 ) appears 
also here. The final results are contained in the following Table; 


1 - K 


Anode 

Kathode 

Mean 

Anode 

Kathode 

Mean 

0-65, 

1*03,; 

0-84 r , 

0-863 

0*869 

0-866 

0-63, 

l'H.-. 

0-87 5 

0-867 

0-869 

0-868 



0-86 (> 



0*867 


To investigate the influence of membranes we made a few expe¬ 
riments without them. The experimental difficulties, consisting mainly 
in the impossibility to determine precisely the weights of the elec¬ 
trode solutions before and after the experiment, are here very consi¬ 
derable; in consequence of this the values obtained cannot be used 
for a safe evaluation of the correction of the quantity 2 (and, of 







course, also of 1 — X). Similarly as in the experiments with .. 10 //17- 
solutions 4 ) we observed also here, that the whole transference of the 
electrolyte and thus also the transport number of the station is smaller 
in the experiments without membranes than in those with membranes. 
1 F of electricity transfers e. g.: 

Anode Kathode 

in experiments with membranes . . 70'0 70'3 grs of HBr, 

in experiments without membranes 63-1 65'1 grs of tfBr. 

(mean of three experiments) 

These transference values of hydrogen bromide would give the 


following transport numbers: 




Anode 

Kathode 

Mean 

in experiments with membranes: 

1 — A 0-865 

0-869 

0-867 

(without correction) 




in experiments without membranes: 

1 —,/ 0-78„ 

0-80, 

0-79 3 


Owing to the above mentioned difficulties the values of 1 — » 
are given only for orientation. The effect of membranes on the trans¬ 
ference cannot be determined with certainty in this way. 

In all experiments the analyses were carried out gravimetrically 
with a precision of about 005 v 0 . Good agreement of the transport 
numbers amongst themselves is a proof of this. As to the electrodes, 
the loss of bromine at the kathode agreed (against our expectation) 
always better with the voltameter reading than the increase at the anode. 

Experiments with n TO ///-solutions. 

When it became apparent that the experiments with «, 1 ///-solution, 
started originally, cannot be made with sufficient accuracy, we have 
made use of »/10 ///-solutions, expecting that in more dilute solutions 
the main difficulties, caused by the easy oxydability of this compound 
and consequent separation of iodine and formation of complexes, would 
be considerably lessened. However, the results of these experiments, 
summarized in Table 11., show, that even in decinormal solutions 
we cannot avoid the troubles mentioned above. This is apparent from 
the great differences between the values of the transport numbers 
(though the gravimetric analyses were made with the same precision 
as in the case of hydrogen bromide) and also from considerable 
fluctuation of the quantity Z. 

,J ) Since the transport in the experiments without membranes is free from 
the disturbing effect of the membranes, we denote its value by 1 — in order to 
distinguish it from the values influenced by the membranes. 



Table IS. 


10 

HI. 




la. 

1 

2. 

3. 

4 . 

Experiment Kathode 

Kathode 

Anode 

Anode 

Kathode 

Voltameter reading in . . . 0*0792. 

0*0807. 

0*C807; 

0*0807,5 

01)785 

Weight of the f before the exper. 27*0630 

27*3311 

25*4535 

26*0991 

26*1034, 

electrode solid. I after 27*1672 

27*4341 

25*3542 

26*0022 

26*2043 

Cone, of the electrode | original 0*9255 
solution: fjrs of El in < anode 

1*3012 

1*3012 

1*3138 

1*3138 

— 

0*9582 

0*9921 


100 grs of the solution (kathode 1*2125 

1*5706 


— 

1*6152 

Recalculated in ///w of HI . . 0*0781 

0*0760 

0*0881 

0*0849 

0*0803 

Recalculated in <fr.< of HI* . . 0*0261 

0*0270 

0*0112 

0*0120 

0*0206 

1 - V . . ... 0*832 

0*794 

0-919 

0*887 

0*862 

- ... 1*97 

2*00 

0*83 

0*89 

1*57 

Temperature in C.. 19*3 

23*0 

23*0 

21*7 

22*0 


The silver iodide separated by electrolysis on the electrodes adheres 
very badly to their surface, it was impossible to prevent its mecha¬ 
nical loosening and thus also to control the change in mass of the 
electrodes by means of the voltameter. For this reason the correspon¬ 
ding data are not given in Table 11. and in the following Table 111. 

Owing to these difficulties the nj\Q .fill-solution was prepared 
freshly for any pair of experiments. Merck’s hydrogen iodide (pro 
analysi) was dissolved to an approximately normal concentration and 
kept in contact with electrolytic, freshly reduced copper in order 
to remove the iodine separated by oxidation. 7 ') This solution was 
then diluted to be approximately decinormal, whereupon the fine 
suspension of cuprous iodide was filtered off. However, even when 
prepared immediately before the experiments the solutions became 
soon coloured by iodine. Besides this also traces of cuprous iodide 
passed into solution, and though its quantum was analytically un¬ 
determinable, it could influence to a certain degree the transference 
of hydrogen iodide as well as that of water. Considering these 
inconveniencies the experiments cannot be regarded as sufficiently 
accurate. A survey of their final results is given in the following Table: 

i — .v 


Anode 

Kathode 

Anode 

Kathode 

0'83 

1-97 

0-919 

0-832 

0-89 

2-00 

0-887 

0-794 


1'57 


0-862 


0-86 


1-85 


0*903 


0*829 






St is interesting, that the mean of 1 —3T, calculated 'from the kathode 
data comes very near to the value 0*826, which was found for dilute 
solutions (0’06—0*2-norma!) of hydrogen iodide ai25' : 'G by Sir a chan 
and V e e G i h C h u. ,; ) 

Experiments with ». Kl-solu lions. 

To estimate the hydration of iodlon we measured the electrolytic 
transference of water in approximately normal solutions of potassium 
Iodide. The main data of these experiments are given in Table III. 

Table III. 

« 1 KI. 


1. 

2. 

4. 

5. 

6. 

Experiment Kathode 

Anode 

Anode 

Anode 

Kathode 

Voltameter reading in gr*. . . 0*C806 ; 

0*0803 : 

* 0*0804, 

Q*08G4 ? 

0*0802, 

Weight of the {before the exper. 28*4772 

28*5217 

28*4265 

27-8S47 

28-5680 

electrode solui.! after 28*5676 

28*4389 

28*3410 

27*8038 

28*6576 

Concentration- of the [original 14*895 : 
solution in yrs of KI J anode . 

14-895, 

14*889, 

14*885, 

14*885, 

14*698, 

14*682- 

14*675, 

— 

in 160 tjrs of the solid. [kathode 15*077., 




15*058. 

Recalculated in yrn of KI . . 0*0653 

0*0686 

0*0710 

0*0704 

0*0627 

Recalculated in gr* of HJi . . 0*0251 

0*0142 

0*0145 

0*0105 

0*0269 

1 — A ... 0*526 

0*555 

0*574 

0*568 

0*508 

5 ... 1*86 

1*06 

1*08 

0*78 

2*01 

Temperature in " C.22 3 

22*5 

23*2 

21*9 

22*4 


These experiments are complicated by the formation of complex salts 
of potassium iodide with silver iodide, which is formed and dissolved 
at the electrodes during electrolysis. These complex salts decompose 
on dilution of the electrolyzed solution, whereby finely divided silver 
iodide is precipitated; thus the analytical estimation of potassium iodide 
as silver iodide becomes difficult and the transport due to the complex 
ions modifies to an indeterminable degree the value of 1 —N and 
thus also the quantity JET, which depends on 1—JV. We endeavoured 
to minimize the first difficulty by estimating the amount of silver 
iodide in a definite volume of the electrolyzed solution after great 
dilution with a constant volume of water. Thus it was ascertained, 
that after the experiment the solution contained: 

in 5 ccs at the anode 0 - G067 2 grs of Agl (exper. 2.) and 

0-00724 • - ( - 5.), 

5 :■ ; :• kathode 0-0093- { - 1.) and 

0 - 0001 " * •. ( > 6 .). 
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This amount was then always subtracted from the potassium 
iodide obtained by precipitating 5 ccs of the analyzed solution by 
silver nitrate. The greater content of silver iodide found in the kathode 
solution can be explained by the supposition, that at the cathode; 
which is covered by silver iodide, this dissolves in potassium iodide 
solution more than at the anode, where silver iodide is formed only 
by electrolysis. The silver iodide is then transferred by electric current 
as a part of the complex anion into the anode solution. It is possible 
also that the repeatedly found asymmetry of the processes around 
both electrodes assists in dividing unequally the silver iodide. 

Authors who studied the solubility of silver iodide in potassium 
iodide describe in agreement with the oldest investigations, made 
already a century ago by P. A. Boulay, two complex iodides, 
namely KI.Agl and 2 AT. AgV) Both these compounds were pre¬ 
pared in solid state, it is probable that in our instance of electrolysis 
of not too concentrated aqueous solutions several different complex 
salts are formed and that thus the actual conditions are here much 
complicated. This is indicated not only by the results obtained by 
K. Hell wig in determining the solubility of silver iodide in ^/-solu¬ 
tions, but also by more recent measurements made by Bodlander 
and Eberlein. 8 ) These investigators attempted to solve the problem 
of the composition of complex salts of this type in measuring the 
electromotive force of concentration cells. According to their opinion 
in norma! or more diluted solutions of potassium iodide the following 
compounds could exist: K.,Au.,I i , K : >A(/. 2 T rj , /„ and K r ,Ag «[-. 

However, they are in doubt about the existence of the two middle 
compounds (I. c. p. 210). 

As to the solubility of silver iodide in potassium iodide solutions 
Hell wig gives the following values: 

AY in moles pro 1 liter ' Ayl in 

1-008 332 

0-734 1-032. 

The mean value found by us is 162 grs of A<jl in 1 liter, the 
solutions of potassium iodide being 0-9-normal; it lies thus between 
both values of Hell wig, but can serve only for orientation, consider¬ 
ing the way by which it was determined. 

The complications described cause the values of l — N and 
therefore also those of 2 to fluctuate considerably in individual ex¬ 
periments, though the accuracy of the analyses also here was satis¬ 
factory. The error in single determinations was 0-01—0-02%. The 
results are given in the following Table: 



1 .V 


Anode 

Kathode 

Anode 

Kathode 

1*06 

1*86 

0*555 

0*525 

1*08 

2*01 

0*574 

0*508 

0*78 


0*568 


0*97 

TQ3 

0*565 

0*517 


Though again the anode and the kathode values of both quantities 
agree between themselves fairly well, the anode gives for E a con¬ 
siderably smaller value and thus a greater value for 1 — N, than 
the kathode, similarly to the former instance. It is noteworthy, that 
also in these experiments the kathode gives for the transport number 
of kations values, which are far nearer to the values found in literature 
than are those given by the anode. Thus Hittorf 0 ) obtained for 
the transport number of the ion K‘ in 2—0*7 normal solutions of 
potassium iodide the value 0*489. Dennison and Steele 1 ") found 
by the method of moving boundaries in u[\0 id-solution at 18°C 
the value 0486. Considering the difference between the true and 
the Hittorf transport numbers, expressed by Washburn’s 11 ) 

relation (1 — «) tr . = (1 — n)n -s- £ , (where t is the electrolytic trans- 

W tr 

ference of water, »* the number of gramequivalents of the salt, n„- the 
number of grammoleeules of water in the solution considered) and put- 

n » 0*9 

ting in our values, we get for the addition term |. — = 1*45. --- 0*025. 

flit 7 JJ 

Subtracting this term from our value we obtain (1— N)n — 0*492 
against Hittorf’s value 0*489. This value is also nearer to the value 
0*499 calculated for this transport number in a h/ 1 id-solution by 
R. Lorenz and J. Westenberger 1 -) from the ionic mobilities and 
molecular conductivities on the base of their theoretical considerations. 

Inserting the found values of 3 and 1 — N into the known 
equation | = (1 — n) .x — n . y, where ,r and y are hydrations of the 
kation and anion resp., and supposing with Baborovsky and Ve- 
1 f § e k 1S ) that xk- =-- 5, we obtain the equation 1 *45 = 0*541.5 — 0*459. y, 
and thus yv : - 2*17 mol. tLO. Under this assumption the iodion 
would thus bind in normal solutions about two molecules of water. 
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S i! m m ary. 

The electrolytic transference of water, £, in decinormal solutions 
of hydrogen bromide and iodide as well as in normal solutions of 
potassium iodide was measured by Baborovsky’s method. The 
transport number of the kation 1 — N was also determined, the effect 
of the membrane being neglected in both cases. The values found 
are given in the Tables L, II. and ill. 

Experiments made with OT n. HBr -solutions without membranes 
showed, similarly to former experiments with //(/-solutions, that the pre¬ 
sence of a membrane increases the amount of the electrolyte transferred. 

In experiments with the OT n. ///'-solutions uncertainties arise owing 
to oxidation and formation of complex compounds. 

In experiments with n. /[/-solutions the dissolution of silver iodide 
produces a disturbing effect, which was duly accounted for in analyses, 
and is shown in the great discrepancies of values found for the 
transport numbers and for the electrolytic transference of water. 

The values for transport numbers obtained from the kathode ex¬ 
periments are very near to the values determined by other authors 
for Oi n. Hl~ and n. /[/‘-solutions. 

Supposing that the ion K' adds 5 molecules of water in normal 
solutions, it is concluded that the ion V adds at the same concen¬ 
tration 2T7 or approximately 2 molecules of water. 
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ON THE CONSTITUTION OF THE Fe-C-Si SYSTEM- - 
PART H. — SECTION THROUGH THE TRIDIMENSIONAL 
DIAGRAM AT 8°/ f , Si 

by A. KRIZ and F. POBORIL. 

The first part of this investigation was published in the journal 
of the Iron and Steel Institute, 1930, No. II. In that part we have 
studied the alloys in which the conient of silicon run up to 6 per 
cent and that of carbon varied from 0T per cent to 4 per cent. That 
investigation permitted the authors to determine the position of 
eutectoid points, the points of maximum solubility of carbon in the 
solid gamma solution and the shape of the gamma-phase region. 
This investigation was extended by us and the present paper gives 
an account of the study of the alloys having approximately 8 per cent 
of silicon, the carbon being between 0‘14 and 2’7 per cent. 

Experimental procedure. 

The properties of seven alloys were investigated. They were pre¬ 
pared by melting in an electric resistance crucible furnace. The crucible 
was 310 mm high and 115 mm in the inner diameter. 

The following raw materials were used for the "preparation of the 
alloys investigated: low-carbon iron, Swedish pig iron, ferro-silicon 
and an intermediate alloy with about 25 per cent of silicon. The 
chemical composition of these materials is given in Table 1. 


Table 1. 


< /. 

Low-carbon iron . . . 0"05 
Swedish pig iron . . .3 9 

Ferro-silicon.0"14 

Intermediate alloy . . . 0 08 


Mn " 

>' 7, 

V 

$ **/" 

0"24 

0"16 

0"014 

0*015 

0"57 

0"42 

0-066 

0*021 

0"35 

45 — 

0"058 


0"28 

25‘5 

0-085 

0-007 


From each melt two bars’ 20 mm in diam. and 300 mm high, were 
chill-cast and another two bars of the same dimensions were sand- 
cast. Samples for thermal analysis and metallographic examination 



after neat treatment were taken from these bars. Further were made 
nvo wedge-shaped small ingots (chill and sand-cast). These ingots 
were 50 mm by 50 mm at the base and 150 mm high, and were 
employed for the determination of hardness and for metaliographic 
examination in cast condition. 

Besides there was made from each melt a small chili-cast ingot 
from which were taken the samples for chemical analysis. This ingot 
was 130 mm high, 30 mm by 30 mm at the base, and 60 mm by 60 mm 

at the top. 

The chemical composition of the aiioys tested is given in Table If. 


Table II. 


0 } No. 


/ 

S'* "' i 

f -/. 


34 

0-14 

0-43 

797 

0*041 

0*011 

35 

0*21 

0-31 

7*87 

0-045 

o-oii 

36 

0*34 

0-40 

763 

0-062 

0*015 

37 

0-50 

0*48 

8*12 

0-038 

0*016 

38 

0'86 

0*38 

7*94 

0*062 

0*023 

39 

1-88 

0*46 

7*45 

0-052 

0*024 

40 

2-70 

0*55 

7*84 

0-097 

0*009 


The determination of transformation points of the alloys in the 
solid state was carried out by means of Saladi n’s method of thermal 
analysis, a double mirror galvanometer being employed for the auto¬ 
matic recording of the temperature temperature difference curves. A 
curve obtained with the alloy No. 35 is shown by way of illustration 
in Fig. 1 . The maximum temperature to which the samples were 
heated was 1100° C. The transformation points determined in this 
way are given in Table 111. 
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Table III. 

Results of Thermal Analyses in the Soiide State, 


Alloy No. 

i 

S • c i 

a<v e 

Ac; C 

34 

0-14 

7-97 

645 

1030 

35 

0-21 

1‘81 

660 

1025—1037 

36 

0-34 

7-63 

645 

1030 

37 

050 

S-22 

650 

1040 

38 

0-86 

7-94 

650 

1030 

39 

1-88 

7-45 

665 

1045 

40 

2-70 

7-84 

665 

1025 


For metallographic examination the samples were in each case 
heated at a constant temperature and then rapidly quenched in water. 
The test cylinders were 50 mm high and 20 mm in diameter. After 
quenching, the cylinders were cut in two parts in the middle per¬ 
pendicularly to the longitudinal axis. One surface of the section was 
then polished for metallographic examination. The heat treatment and 
the microstructures observed are described in Table IV. 


Table IV. 


Heat Treatment and Microstructures. 


Alloy C si 
No. y, 


Heat 

Treatment 


Micro- Figure 

structure No. 


34 0T4 7*97 { 


Heated at l\W C for 
I hr.; slowly cooled in 
the furnace to 1070° C, 
then held at this tem¬ 
perature for 5 hr., and 
water-quenched. 
Heated at IlTtFC for 
1 hr.; slowly cooled in 
the furnace to 1120° C 
then held at this tem¬ 
perature for 5 hr., and 
water-quenched. 
Heated at 1170°C for 
6 hr., then water- 
quenched. 

Heated at 1220* C for 
6 hr.j then water- 
quenched. 

Heated at 1270 S C for 
6 hr., then water- 
quenched. 


Ferrite—with small car¬ 
bide needles in it and 
a little of martensite, 
mostly decomposed 
into troostite. 

Ferrite—with small car¬ 
bide needles in it — 
and a few separate 
grains of martensite, 
'mostly decomposed 
into troostite. 
Ferrite with small car¬ 
bide needles in it 

Ferrite with small car¬ 
bide needles in it. 

Ferrite with small car¬ 
bide needles in it. The 
grains were molten at 
the boundaries. 


2 


3 


4 
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Table IV, continued. 


Altov C . -N 
No' % % 


35 0*21 7*87 


Heat 

Treatment 

Heated at 1120' C for 
3 hr., then water- 
quenched. 


Heated at 1180"C for 
3 hr., then water- 
quenched. 


| Heated at 1220*0 for 
*1 3 hr., then water- 

J quenched. 


Heated at 127CFC for 
3 hr*, then water* 
quenched. 


Micro- 

structure 

Ferrite—with small car¬ 
bide needles in it, and 
martensite, partly de¬ 
composed into 
troostite. 

Ferrite—with small car¬ 
bide needles in it — and 
martensite, partly de¬ 
composed into 
troostite. 

Ferrite—with small car¬ 
bide needles in It — and 
martensite, partly de¬ 
composed into troos- 
tite. The grains were 
partly molten at the 
v boundaries. 
Ferrite with small car¬ 
bide needles in it At 
the grain boundaries a 
little of troostite. The 
grains were partly mol¬ 
ten at the boundaries. 


figure 

No. 


5 , 6 


7 t 8 


% 10 


II, 12 


36 0*34 7*63 


Heated at 1170 U C for 
1 hr., slowly cooled in 
the furnace to 1070* C, 
then held at this tem¬ 
perature for 5 hr., and 
water-quenched. 
Heated at 1170° C for 
1 hr,, slowly cooled in 
the furnace to 1120° C, 
then held at this tem¬ 
perature for 5 hr,, and 
water-quenched. 
Heated at 1170" C for 
5 hr,, then water- 
quenched. 


Heated at 1195 U C for 
6 hr., then water- 
quenched. 


Ferrite—with small car¬ 
bide needles in It — and 
martensite, partly de¬ 
composed into 
troostite. 

Ferrite and troostite 
with a little of marten¬ 
site. 


Ferrite - with small car¬ 
bide needles in it — and 
martensite, mostly de¬ 
composed into 
troostite. 

Ferrite—with small car¬ 
bide needles in it — and 
martensite, mostly de¬ 
composed into troos¬ 
tite, Some of the aus¬ 
tenite grains already 
began to melt at the 
boundaries. 


13 


14 


15 


16 


37 0*50 8*12 


Heated at 1100'" C for 
1 hr., slowly cooled in 
the furnace to i025 tf C, 
then lie d at this tem¬ 
perature for 5 hr., and 
water-quenched. 


Ferrite—with a few 
small carbide needles 
in it—and small lamel¬ 
lae of graphite in 
nests. 
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Table IV, continued. 


Alloy 

No" 


37 


38 


39 


40 


c 

% 


0*50 


0-86 


1*88 


2*70 


>7 Heat 

'Vo Treatment 


8*12 


Heated at-1120'C for 
1 hr.,, slowly cooled in 
the furnace to 1095 u C, 
then held at this tem¬ 
perature for 5 hr., and 
water-quenched. 
Heated at 1170° C for 
1 hr., slowly cooled in 
the furnace"to 1120° C, 
then held at this tem¬ 
perature for 5 hr., and 
{ water-quenched. 
Heated at 1150“ C for 
6 hr., then water- 
quenched. 


Heated at 1 ISO' C for 
3 hr., then water- 
quenched. 


7*94 


Heated at 1170'’C for 
1 hr., slowly cooled in 
the furnace to 1070 u C, 
then held at this tem¬ 
perature for 5 hr., and 
water-quenched. 
Heated at 1170° C for 
1 hr., slowly cooled in 
the furnace to 1120 J C, 
then held at this tem¬ 
perature for 5 hr., and 
water-quenched. 
Heated at 1170® C for 
6 hr., then water- 
quenched. 


7*45 


Heated at 1120° C for 
1 hr., slowly cooled in 
the furnace to 1095* C, 
then held at this tem¬ 
perature for 5 hr., and 
water-quenched. 
Heated at 1120*'C for 
6 hr., then water- 
quenched. 

Heated at 1170° C for 
6 hr., then water- 
quenched. 


7*84 


f Heated at 117CFC for 
6 hr., then water* 

( quenched. 


Micro- 

structure 

Ferrite— with small car¬ 
bide needles in it — 
troostite and small la¬ 
mellae of graphite. 


Ferrite—with small car¬ 
bide needles in it — and 
martensite, mostly de¬ 
composed into troos¬ 
tite. A little of gra¬ 
phite. 

Ferrite—with small car¬ 
bide needles in it — and 
troostite. A little of 
graphite between the 
latter. „ 

Ferrite—with narrow 
grains of troostite in it - 
and at the grain boun¬ 
daries. Solidified melt 
between the network 
of troostite. 

Ferrite—with small car¬ 
bide needles and la¬ 
mellae of graphite in 
it — and troostite. 


Troostite and small 
ferrite lakes with gra¬ 
phite lamellae in the 
latter. 


Ferrite—with small car¬ 
bide needles in it — and 
troostite. The grains 
were molten at the 
boundaries. 

Ferrite—with small la¬ 
mellae of graphite in 
it — and martensite, 
mostly decomposed in¬ 
to troostite. 

Ferrite—with graphite 
lamellae in it — and 
troostite. 
Solidified melt. 


Solidified melt and fer¬ 
rite, containing gra¬ 
phite lamellae. 


Figure 



18 


19 


20 


21 


22 

23 


24 

25 


5 
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Carbon (graphite) in the specimens of the alloys No. 37, 38, 39 

was identified on unetched sections. 

The melt appearing at the temperature of heating may form, on 
solidification, several types of mixed crystals. The structure of the 
solidified melt is, however, very fine in comparison with the dimen¬ 
sions of the grains which at the temperature of heating remained 
solid. The grain-growth of the solid phases (recrystallization) depends 
on the duration of heating at the comparatively high temperatures. 
(Comp. Figs. 3 and 4). 

The view that in the case considered we have to deal with the 
solidified melt can be evidenced by the fact that this fine structure 
always appeared between the grains (Comp. Figs. 11,12, 23). At the 
same time the gamma phase, unless it prevails over the alpha-iron, 
formed a trimming at the boundaries of ferrite grains (Comp. Figs. 
11, 12 and 20). The tendency of gamma-grains to spread along the 
boundaries of ferrite grains is clearly visible in the microstructure 
Fig. 10. 

The heterogeneity in the structure of a quickly solidified melt was 
especially noticeable in the samples of the alloys No. 39 and 40, 
quenched from 1170°C. Here, two types of crystals (probably alpha 
and gamma mixed crystals) could be well distinguished, the 
gamma crystals evidently being formed primarily. The melt obtained 
with the alloy No. 34 (0T4 per cent of carbon and 7'97 per cent of 
silicon) solidified naturally into homogeneous alpha crystals, since 
this alloy after the complete solidification lies in the one-phase alpha- 
region. 


Discussion of results. 

The section through the ternary Fe—C—Si system 
at 8 per cent of silicon. 

The results given above permit the authors to draw a section of 
the ternary diagram Fe—C—Si at 8 per cent of silicion. This section 
is shown in the diagram Fig. 26. 

At this concentration of silicon and in the range of temperatures 
investigated the following constitutional regions can be distinguished. 

1. Melt. 

2. Alpha-iron plus melt. 

3. Carbon plus melt. 

4. Alpha-iron plus gamma-iron plus melt. 

5. Alpha-iron plus carbon plus melt. 
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6. Alpha-iron plus gamma-iron. 

7. Alpha-iron plus gamma-iron plus carbon. 

8. Alpha-inn plus carbon. 

9. Alpha-iron. 

The difgram corresponds to the equilibrium states, since the iines 
separating the individual constitutional regions were determined by 
microscopic examination of specimens in which the phase equilibrium 
was attained after prolonged heating. As an example, we adduce the 
results of metallographic examination of the alloy No. 37 (05 per 
cent of carbon and 8i2 per cent of silicon). One sample of this 
alloy was heated at 1120° C for 6 hours and then quenched from 
this temperature in water. Another sample was heated at 1170° C for 
one hour, cooled in the furnace to 1020° C, then held at this tempe¬ 
rature for 5 hours and final'y quenched from this temperature in water. 
Both samples have shown on examination the same structural com¬ 
ponents, although the final state at the moment of quenching was 
attained on rising the temperature in the first sample and on decre¬ 
asing the temperature in the second sample. 

The transformation points which served to indicate the lower line 
of the three-phase region — alpha-iron, plus gamma-iron plus carbon 
— were determined by thermal analysis with Saladin’s apparatus. 
These points represent the temperatures of the beginning of perlitic 
transformation on heating. 

Mostly the phases coexisting in equilibrium at the temperature of 
quenchirg could be detenr ined directly by examination of the micro¬ 
structures of quenched samples. 

However, in order to identify some of the structural components 
beyond doubt, some quenched samples were subsequently annealed 
to 200°—250° C. 

This was done, for example, with a sample of the alloy No. 38 (0156 
per cent of carbon and 7-94 per cent of silicon) quenched from 1120° C 
(Fig. 22). In order to determine, whether the white grains surrounded 
with troostite are austenite or ferrite, the sample was annealed at 
200° C for 1 hr. The annealed sample did not show any change in 
the structure, the white grains being again left intact on etching. For 
comparison another sample of the same alloy, quenched from 1070° C, 
was annealed also at 200° C for 1 hr. Before annealing, the poly- 
hedra of austenite were v isible at the outer part of the sample; after 
annealing at 200 n C it was found transformed into martensite. Since 
in the first case the white lakes did not transform into martensite 


5 * 
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on annealing, it was sufficiently evident that these lakes between 
troostite in the specimen of the alloy No. 38 quenched from 1120° C 
consisted of ferrite (not of austenite). 

In the diagram Fig. 26 the following points are of importance: 

the point h, at 016 per cent of carbon and at 1270° C, 

» p, » Oil » > » » ;> » 1030° C, 

-> q, » 0-48 > > ;> » » » 1160° C. 


The four-phase plane in the Fe — C—Si system. 

The upper line of the perlitic interval corresponds to the four-phase 
plane (at 1160° C), which separates it from the regions, in which 
appears the melt. Thus, on heating alloys with more than 0*48 per 
cent of carbon, the perlitic transformation continues until the begin¬ 
ning of melting. The perlitic interval at its lower portion is limited 
by a surface, the section through which at 8 per cent of silicon is 
characterised by a line which somewhat rises towards higher tempera¬ 
tures with the increase of carbon content. 


It will be of interest to mention here the diagram of the section 
through the ternary system Fe—C—Si at 6 per cent of silicon (Fig. 
27). This diagram was given in the first part of this investigation 
referred to above. The perlitic and eutectic intervals are in the diagram, 
Fig. 27, schematically indicated by planes. The three-phase equilibria 
in this section of the ternary system are univariant in contradistinction 
to the same equilibria in binary systems, e. g. Fe — O, where they are 
nonvariant and are indicated in the diagrams by isothermal straight 
lines (FSK, EOF, HJB). 


On comparing the section at 6 per cent with that at 8 per cent 
of silicon we see that at 8 per cent of silicon the following regions 
had disappeared, viz. the region of homogeneous gamma-phase, the 
three-phase region gamma plus carbon plus melt, and the two-phase 
regions gamma plus carbon and gamma plus melt. 


T! l ( L Sectlon t . hrou § h . the terr *ary diagram at 6 per cent of silicon 
(Fig. 27) given in the first part of this investigation was completed 
here by the projection of the four-phase plane, which at this con- 
cen ration of silicon separates the three-phase region gamma plus 
mdt plus carbidef jutecbc interval) from the regions alpha plus gamma 
plus melt and alpha plus melt plus carbide. Of course, we have to 
deal here with a plane belonging to the metastabile system. Never¬ 
theless, it is evident that this plane lies at a temperature only slightly 




Fig. 27. 

Constitutional diagram of the ternary Fe—O—Si alloys containing 
6 per cent of silicon. 
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different from that of the four-phase plane of the stabile system which 
is indicated in the section at 8 per cent of silicon. 

The extensions of regions above the four-phase plane at 6 per 
cent of silicon were not yet determined experimentally and hence the 
boundaries separating these regions are shown in the diagram by 
dashed lines. 

The four-phase plane is in common with four three-phase regions, 
viz. alpha plus gamma plus melt, alpha plus carbon plus melt, alpha 
plus gamma plus carbon and gamma plus carbon plus melt; the 
latter region does not appear in the section at 8 per cent of silicon. 
Thus, at this plane the equilibrium is established between the phases: 
alpha, gamma, graphite, and melt. Hence this equilibrium is nonvariant 
and exists only at a certain temperature (viz. 1160° C). In the tridimen¬ 
sional diagram it will be represented by a horizontal plane which in 
our sections at 6 and 8 per cent of silicon (Figs. 26, 27) is indicated 
by a horizontal line. 

The last mentioned four-phase plane is characterised in the tridi¬ 
mensional diagram by four edges, at which the regions of homo¬ 
geneous phases participating in this nonvariant equilibrium touch the 
equilibrium plane. These phases are as follows: alpha-iron, gamma- 
iron, melt and graphite. The edges of this plane will be denoted, 
in following the suggestion of E. Scheil*) as a', /, M! and C on 
the supposition that the plane belongs to the stabile system. 

The equilibrium gamma plus melt plus carbide (see Fig. 27) rises 
with increased content of silicon to higher temperatures and ends 
in the four-phase plane. Thus, in the latter plane merge from below 
two three-phase regions viz. alpha plus gamma plus carbon (perlitic 
interval) and gamma plus melt plus carbon (eutectic interval). From 
above in this plane merge the regions: alpha plus gamma plus melt 
and alpha plus melt plus carbon. 

It follows then that the diagonal of the four-phase surface, sepa¬ 
rating the regions alpha plus gamma plus melt and alpha plus melt 
plus carbon, corresponds to line a' — M'. 

The extreme point of the four-phase plane at the left part of our 
section (at 0’48 per cent of carbon) belongs to the side / — a', 
which may be shown by the following simple reasoning. The point / 

*) E. Scheil: Mitteilungen am deni Forschimgs-Institut der Vereinigten Stahl- 
werke Aktiengesellschaft, Dortmund, 1928, Band 1, Lieferung 1; Stahl and Eisen 
1930, Heft 49, p. 1725. 
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of the four-phase plane lies at a content of silicon greater than 6 per" 
cent and lower than 8 per cent, since at 6 per cent of silicon there 
exists still the homogeneous gamma-phase, while at 8 per cent of 
silicon the latter is no more present. The point «' should lie at a content 
of silicon higher than 8 per cent since at this concentration the four- 
phase plane does not yet touch the one-phase region a. Therefore, 
the section at 8 per cent of silicon cuts the four-phase plane at the 
side -/ — a’. 

The fourth three-phase region, which merges into the four-phase 
plane is the region alpha plus carbon plus melt which reaches this 
plane from above as was proved by the examination of the alloy 
No. 40, quenched from 1170° C. The microstructure shows the cry¬ 
stals of alpha-iron with lamellae of graphite and solidified melt, the 
latter on rapid solidification (quenching in water) giving rise to 
dendrites. 

The specimen of the alloy No. 39 quenched from the same tempe¬ 
rature (1170° C) was at the temperature of quenching in the region 
of homogeneous melt; therefore the micrograph of this specimen 
has shown only the dendritic structure. 

The existence of the three-phase equilibrium alpha plus carbon 
plus melt above the four-phase plane beside the equilibrium alpha 
plus gamma plus melt proves the presence of the a' — M' diagonal. 

The determination of the exact position of the four-phase plane 
edges will be the subject of a further investigation. 

Received Dec. 12th, 1930. The Research Department 

of the Skoda Works, Plzen, 
Czechoslovakia. 


Summary. 

a) The region of the homogeneous gamma- phase does not exist 
in the alloys containing 8 per cent of silicon. 

b) The perlitic transformation of the alloys with more than 0*48 per 
cent of carbon ends at the beginning of melting. 

c) At the contact line of the regions alpha plus melt plus carbon 
and alpha plus gamma plus melt on the one hand and the region 
alpha plus gamma plus carbon on the other hand there exists 
the nonvariant four-phase equilibrium at-about 1160° C. 
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'd) The edge / of the four-phase plane touching the one-phase region 
gamma lies between 6 and 8 per cent of silicon. 

The edge a’ of this plane touching the homogeneous alpha region 
lies at a silicon content higher than 8 per cent. 

e) The transformation Ac* in the alloys with 8 per cent of silicon 
lies in the region alpha plus carbon at 655° C. 

The authors desire to express their sincere thanks to the general 
management of the Skoda Works, Plzen, for their permission to 
publish this paper. 




Fig. 2. Aliov No.34, 00*14, Si 7*97 per 
cent, water-quenched from 1070° C. 
Etched with nitric add. X 100 


Fig. 3. Alloy No. 34, C 0*14, Si 7*97 per 
cent, water-quenched from 1120 C C. 
Etched with nitric acid. X1Q0 


Fig. 4. Alloy No. 34, C 0*14, 57 7*97 per 
cent, water-quenched from 1270'" C. 
Etched with picric acid. X 100 


Fig. 5. Alloy No. 35, C 0*21, Si 7*87 per 
cent., water-quenched from 1120® C. 
Etched with nitric acid. X 500 


Fig. 6. Alloy No. 35, C 0*21, Si 7*87 per Fig. 7. Alloy No. 35, C 0*21, Si 7*87 pei 

cent, water-quenched from 1120‘ C. cent, water-quenched from 118Q fi C. 

Etched with nitric acid. X100 Etched with nitric acid. X 50C 








Fig. 8. Alloy No. 35, C 0 21, Si 7'87 per Fig. 9. Alloy No. 35, CO-21, Si 7'87per 

cent, water-quenched from 1180" C. cent., water-quenched from 1220 C. 

Etched with nitric add. X100 Etched with nitric acid. X500 



Fig. 10. Alloy No. 35, C 0*21, Si 7*S7 per Fig. 11. Alloy No. 35, C 0*21, Si 7*87 per 

cent., water-quenched from 1220" C. cent., water-quenched from 1270" C. 

Etched with nitric acid. X 100 Etched with nitric acid. X 500 



Fig. 12. Alloy No.35, C 0*21, Si 7*87 per Fig. 13. Alloy No. 36, C 0*34, Si 7 63 per 

cent., water-quenched from 1270 C. cent., water-quenched from 1070° C, 

Etched with nitric acid. X 100 Etched with picric acid. X100 





Fig'. 14, Alloy No 36, C 0*34 : S/7'63 per Fig-. 15. Alloy No.36, C G'34 3/7*63 per 

cent., water-quenched from 1120" C. cent, water-quenched from 1170" C. 

Etched with picric acid. X100 Etched with picric acid. X100 



Fig. 16. Alloy No.36, C 0*34, S/7'63 per Fig. 17. Alloy No.37, C 0*50,67$*12,per 
cent, water-quenched from 1195° C. cent, water-quenched from 1095’ C. 
Etched with picric acid. X ICO Etched with picric-acid. X 100 



Fig. 18. Alloy No. 37, t0'50, 67 8*12 per Fig. 19. Alloy No. 37, (.’0*50, >7 8*12 per 

cent, water-quenched from 1120 C. cent, water-quenched from 1150' C. 

Etched with nitric acid. X 100 Etched with picric acid. X 103 








Fig, 20, Alloy No. 37, G'G*50, Si 8*12 per Fig. 21. Alloy No. 38, CO-86, Si 7*94 per 
cent, water-quenched from 1180 n C. cent, water-quenched from 1070° C, 
Etched with nitric acid. X 100 Etched with picric acid. X100 


Fig.24. Alloy No.39, C 1*88, Si7-45 per Fig.25. Alloy No.39, G 1*88, SiT45 per 

cent, water-quenched from 1095 u C. cent, water-quenched from 1120° C. 

Etched with picric acid. X100 Etched with picric acid. X100 


Fig. 22, Alloy No. 38, G0*S6, Si 7*94 per 
cent, water-quenched from 1120° C. 
Etched with picric acid. X 100 


Fig. 23. Alloy No. 38, C0*86, Si 7*94 per 
cent, water-quenched from 1170° C. 
Etched with picric acid. X100 


CONTRIBUTION A LA CONNAISSANCE DELA CORROSION 
DU FER PAR LE TETRACHLORURE DE CARBONE 

par J. MILBAUER. 

En etudiant l’adion du tetrachlorure de fer sur divers metaux, 
l’usine ,,Chemische Fabrik Griesheim Elektron‘ n ) a constate que pour 
100 gr de CCh chimiquement pur les poids suivants ont ete decom¬ 
poses, en un temps egal, si a) le chlorure etait exempt d’eau, b) sTI 
a ete employe apres addition d’un volume egal d’eau, c) si le metal 
a die employe a Mat pulverise: 



a) 

b) 

c) 

fer malleable . . 

. . 0*002 gr 

0*35 gr 

— 

fonte. 

. . 0*004 

0*1 

0*45 gr 

cusvre. 

. . 0*0005 

0*31 

1*5 

plomb ..... 

. .0*0013 

0*013 

0*004 

zinc. 

. . 0*0002 

0*018 

0*025 

etain. 

. . 0*0005 

0*0019 

0*01 

nickel. 

. . 0*0004 

0*0008 

0*002 


Comme le font voir ces chiffres, Faction accelerante de l'eau se 
manifeste dans tous ies cas, evidemment par suite de la reaction entre 
le chlorure de carbone et l’exces d’eau: 


GCk + 2 H 2 0 = C0 2 + 4 Ha 

qui a lieu notamment en presence de fer. Lorsque la proportion d’eau 
est insuffisante, la decomposition s’arrete, d’apres Goldschmidt 2 ) 
a la formation du phosgene: 

CCk 4 - Ego = 2 HCl +■ CO Oh. 

Une autre observation est celle d’A. Bolis. 8 ) D’apres cet auteur 
le tetrachlorure de carbone sec attaque bien un pen la fonte mais avec 
formation d’une couche protectrice qui s’oppose a toute action ult£- 
rieure. Si, toutefois, la reaction s’effectue en presence d’eau, le metal 
est mis a nu, et la corrosion progresse. 11 en conclut que les extrac- 
teurs en fer ne conviennent pas pour extraire au moyen de CCl t 
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fa graisse des os, ces derniers cedant de i’eau au liquide d’extraction, 
ce qui determine des corrosions. 

Dans la iitterature technique fcheque on trouve a ce sujet le 
recent travail de J. Formanek 4 ) qui etudie l’action du tetrachlo- 
rure de carbone sur les metaux en determinant l’augmentation de 
poids subie par des rubans metalliques iaisses avec CGI 4 en contact 
prolonge. Dans le cas du fer, lorsque le metal avait une surface 
polie, on a pu constater une augmentation de poids, mais il n’en 
etait pas de merae pour le fer couvert de rouille, ce qui le fit conclure 
qu'a la temperature ordinaire faction corrosive du CCl t sur le fer est 
pratiquement nulle, surtout lorsqu’ii s’agit du tetrachlorure de car- 
bone pur. 

On m’a signale un cas de corrosion particulierement forte d’un 
appareil industriel en fer due a faction du tetrachlorure de carbone 
en presence d’alcool ethylique. Une telle action combinee n’ayant 
pas ete d£crite dans la Iitterature technique, j’en ai entrepris fetude 
dont je presente ici les premiers resultats qui, abstraction faite de leur 
importance pour la pratique industrielle, ne sont pas sans interet 
mSme pour la chimie pure. 

Dans un ballon Erlenmeyer muni d’un refrigerant a femeri, le 
tetrachlorure de carbone chimiquement pur mais humide ou renfer- 
mant de feau et de falcool ethylique, a ete maintenu a febullition, 
en presence de fer malleable, pendant 1 heure. Le fer entre en so¬ 
lution a ete dose par evaporation avec de facide azotique et preci¬ 
pitation par fammoniaque. Pour 2*5 p. de fer on operait avec 100 p. 
de melange. 

Voici les rSsultats: 


CCl , 

OJI.fiH 

H.,0 

fer dissous 

% 

% 

"U 

(en or) 

80 

11 

9 

0*24 

50 

41 

9 

0*93 

30 

60 

10 

0*9 

80 

18 

2 

1-04 

45 

5 

50 

0*13 

90 

9-1 

0*9 

063 

70 

27*3 

2*7 

1-81 

70 

20 

10 

0-74 

70 

10 

20 

0*16 

100 

0 

0 

0 

0 

100 

0 

0 
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On voit dans ce tableau que la corrosion atteint son maximum 
forsque le melange d’atlaque renferme sur 70 p. de C V 4 , 27‘3 p. 
d’alcool ethylique et 2'7 p. d’eau. 

J’ai, en outre, observe que d’autres hydrocarbures chlores offrent 
un phenomene analogue, quoique a un degre moindre. Aussi ai-je 
Fintention d’etendre mon etude dans cette direction et a des metaux 
autres que le fer. J’ajoute qu’aucun degagement de gaz (hydrogene 
par exemple) n’a pu etre constate, de sorte que 1’idee s’impose qu'il 
s’agit de la formation d’un derive organometallique. 

Laboratoire de Technologie mitierale 
d I’Ecole Polytechnique tcheque de Prague 
(Tchecoslovaquie). 

Resume. 

L’auteur constate que 1’attaque du fer par le tetrachlorure de car- 
bone est considerablement favorisee par ia presence d’alcool ethy- 
Sique, et que d’autres hydrocarbures chlores se comportent de maniere 
analogue. Le fait merite quelque attention dans l’extraction industrielle 
des matieres renfermant de 1’alcool ou pouvant l’engendrer. 

Litterature. 

‘) Z. angew. Chem., 1908, 21, 167. 

2 ) Ber. 1881, 14, 928. 

3 ) Chem. Ztg. 1906, 30, 1117. 

‘) Chemickv Obzor annee 1930, 57. 



ON THE NATURE OF A CRYSTALLIZATION CENTRE 

by A. GLAZUNOV.*) 

The crystallization of a melt begins with the formation of many 
crystallization centres, which initiate the growth of crystals. During 
the process of crystallization the number of these centres increases 
and the crystals growing from each of them propagate through the 
melt in various forms e. g. as dendrites or in the form of radial 
bunches of crystal needles (as spheroids). The crystals continue to 
grow until, finally, the whole mass of the melt becomes solid; the 
latter consists then of a multitude of crystal grains or polyhedra of 
various size. Obviously, each centre of crystallization has been the 
origin of one crystal grain — a view now generally accepted. 

What is, however, the nature of a crystallization centre ? Can it 
be identified with the primary crystal i. e. with the separate element 
of crystal lattice ? 

Quite a number of investiga¬ 
tors answer the latter question 
in the affirmative. However, ac¬ 
cepting the crystallization centre 
to be only another expression for 
the crystal nucleus one would 
expect that each grain (poly¬ 
hedron) of solidified melt should 
be monocrystalline (a single cry¬ 
stal). This opinion is, indeed, 
widely accepted, but, as may be 
shown from several examples, it 
cannot be always reconciled with 
facts. For instance, the crystalli¬ 
zation of pure antimony gives 
rise to large grains composed of numerous crystals grown from one 
crystallization centre (Compare photograph Fig. 1, where the grain 

*> Presented to the Ceskd Akademie VM a Umeni (Czech Academy of Science 
and Arts), January 16th, 1931. 



Fig. 1. ‘/a size 

The grains (crystallites) of antimony. 
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boundaries are strengthened by black lines). The author has sug¬ 
gested*) to apply to such grains the term “crystallites" — the notion 
already used in metallography. The micrograph, Fig. 2 taken during 
solidification of molten betol shows six grains composed of fine 
crystalline needles propagating in radial directions from six crystalli¬ 
zation centres. The absence of structural homogenity in each grain 
is here quite evident. 



Fig. 2. X24 Fig. 3. X24 

The growth of grains of betol. Initial stage of the crystallisation 

of betol. 


In some cases, however, such a composite structure of grains 
cannot be proved with certainty and the grains appear to be mono¬ 
crystalline. The conclusion that each such grain represents a single 
■crystal might be drawn either 1) when erroneously supposing that 
each observed small crystal is an independent grain, or 2) when 
a homogenization within the grains has taken place subsequently to 
the primary crystallization. 

An apparent homogenity of the grain in its initial stage of growth 
reported by some authors may be due to experimental difficulties 
in observing microscopically the beginning of crystallization. By 
way of illustration a photograph (Fig. 3) is added which shows 
the formation of the first grains in solidifying betol. This figure is 

*) Strojnicky Obzor 1929, The foundry trade journ. 1929, 41, 117. 


a replica of the classical photograph obtained by Tammann with 
the same substance. The grains visible in the photograph as rounded 
white spots seem to be homogeneous; a more exact foccussing dis¬ 
closed, however, the composite structure of each grain (Fig. 4). 

Now, what should be the explanation for the fact that a single 
crystallization centre gives origin to a great number of crystals ? This 
can be understood only by making a distinction between the terms 
“crystallization centre” and “crystal 
nucleus". Were the nucleus of a 
crystal at the same time the centre 
of crystallization, the growth of a 
number of crystals from one cen¬ 
tre would not be comprehensible. 

Equally it could not be possible 
to explain the growth of crystalline 
grains of a rounded shape — as 
observed in crystallization of some 
alloys — without taking refuge to 
rather elaborate hypothesis like that 
accepted by Tammann {Lehrbuch 
der Mfiallcgtaphie p. 20—21,1023). 

Thus, in order to conform with 
experimental facts we must assume 
that each crystallization centre gives 
rise to a great number of crystal 
nuclei. This fact can be explained 
by analysis of the whole crystal¬ 
lization process. 

Let us imagine a liquid phase of a substance supercooled only to 
such a degree that the liquid is still above the range of amorphous 
solidification and above that of spontaneous crystallization. 

To start the crystallization some external impulse is necessary, which 
is effected usually by some foreign matter — e. g. a minute dust 
particle. The latter on entering the undercooled liquid disturbs its 
metastable condition and effects the transition to the stable, crystalline 
state. In general the dimension of such a foreign particle are always 
many times larger than the size of an element of the crystal lattice. 
The disturbance of metastable equilibrium occurs over the whole 
surface of the dust part cle and consequently the formation of crystal 
nuclei takes place simultaneously at numerous points of the surface 
area of the particle. Further growth of crystals from the nuclei formed 



Fig. 4. X 24 

The same as Fig-. 3 but rightly 
focussed. 


will proceed mainly in the direction perpendicular to the surface of* 
particles, since in other direction the propagation is limited by neigh¬ 
bouring crystals. Owing to the small size of dust particles they can 
be regarded as spheres and hence the melt solidifies in radial di¬ 
rections from each crystallization centre. 

A similar process takes place in the case of spontaneous crystalli¬ 
zation, i. e. when all external particles are excluded. If in this case 
the melt be cooled to the lowest temperature, tic, at which it can 
still exist as a liquid phase, further small lowering of temperature 
by dt will suffice to start spontaneous crystallization. Obviously 
absolute uniformity of temperature in the system cannot be experi¬ 
mentally attained and the temperature of spontaneous crystallization 
will be reached only in some small regions of the melt (usually at 
its exterior) at which the crystallization centres will be produced. 

We may expect, that regions in which the temperature will fall 
to f-K — dt, — although small — will greatly exceed the dimensions of 
a single element of crystal lattice. Between the nuclei of crystals which 
will be formed in the first moment of crystallization a strong competition 
will arise for the space for further developement. The small crystals 
formed in the region of crystallization centre will thus hinder each 
other in their growth and only those formed at the circumference 
of the crystallization centre will be able to develop freely. 

Usually this swarm of primary 
crystals — or crystallization centre — 
is very small so that its structure 
cannot be distinguished.The author 
succeeded, however, in obtaining a 
photograph showing a crystalliza¬ 
tion centre of benzonaphthene of 
considerable size. In the micro¬ 
photograph, Fig. 5, we can dis¬ 
tinctly see that the centre is com¬ 
posed of numerous small crystalls 
oriented at random. 

Resuming we can state: that 

1. the centre of crystallization and 
nucleus of a crystal are different 
terms, since the crystallization 
nuclei, 

2. generally from one crystallization centre grows a series of crystals,. 



Fig. 5. X 200 

The crystallization centre of benzo 
naphtalene. 

centre consists of many crystal 
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3. all crystals initiated from one crystallization centre form one grain 
(crystallite), 

4. such a grain has usually a heterogeneous structure, 

5. physically homogeneous (monocrystalline) grains represent either 
a) the product of homogenisation of primarily heterogeneous 
grains or b) are in reality only parts of a true grain (crystallite). 

The author thanks his collaborators Messrs. Halik, Rada and 
Sefl, who helped him in the preparation of photographs. 

Received December 2nd, 1930. 

The Institute of Theoretical Metallurgy 
High School of Mines, Pribram , 
Bohemia. 



DETERMINATION DES PROPRIETES HYGROSCOPIQUES 

DU CHARBON 


par K. VONDRACEK et L. MOSENDZ. 

L'hygroscopicite est une propriete assez important*: du charbon, 
car, d’une part, elle est en connexion avec sa composition chimique 
et sa structure physique, d’autre part, elie est la cause des variation' 
de ia teneur en eau pendant le magasinage, variations qui peuvent 
meme determiner une disintegration des gailletins. 

Malgre son importance, l’hygroscopicite du charbon ne constituc 
qu’une notion tres peu definie. Ordinairement on se contente de 
considerer comme eau hygroscopique I’humidite que le charbon retiem 
apres dessechement a Fair de 20° et d'humidite relative de 50%, Cepen- 
dant, la pratique ue tient guere compte ni des conditions de temperature 
nl de celles d’humidite de Fair, et ne voit dans le dosage de l'eau 
hygroscopique dans le charbon seche a Fair qu’un auxiliaire analytique. 

L’hygroscopicite du charbon est un phenomene intiressant et assez 
complexe au point de vue physique. 11 s’agit la, d’une part, de I’ad- 
sorption de ia vapeur d’eau et de l’eau liquide dans !es cavitds capil- 
laires du combustible, d’autre part, des changements de volume 
(gonflement ou contraction) faisant varier le volume des capillaires. 
Ces changements de volume ne sont pas rigoureusement r^versibles, 
mais ont lieu dans un intervalle d’humidite different suivant que le 
charbon attire l’humidit6 ou qu’il en perd. En raison de ce fait l’iso- 
therme du gel de charbon a une allure autre pour ia periode detraction 
d’humidite et autre pour celle de dessechement. Des phenomenes 
analogues ont ete etudies par Zsigmondy 1 ) sur le gel de silice. 

Chez le charbon, ce sont Porter et Ralston'-) qui constaterent 
la nature irreversible du dessechement, et, il y a quelques ans, cette 
propriete du charbon fut decrite par Fun de nous. 5 ) 

A ce dernier travail nous empruntons ici le tableau I indiquant 
pour 8 sortes de combustibles la proportion d'eau absorbee dans 

l ) voir Freundlich, Kapillarchemie, 2 e edit., p. dl3. 

-) Bureau of Mines, Techn. Paper, 113 (1916). 

:1 ) Vondracek, The hygroscopic qualities of coal. The transactions of the 
Fuel Conference, London 1928, L p. 281. 
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100 gr de combustible sec a des tensions de vapeur d’eau variables. 
Les echantillons etasent places dans un dessiccateur a vide, muni soit 
d’eau, soit d’acide suifurique plus ou moins etendu d’eau. Pour operer 
la dessiccation, on partait de 1’eau pure en allant successivement jusqu’a 
l’acide suifurique concentre, apres quoi 1’on operait 1’absorption de 
i’humidite par la marche inverse. La temperature £tait de 17" a 22°. 
De cette facon, la dessiccation et 1’humidification des combustibles 
exigeaient plusieurs mois. 



La figure 1 iliustre trois des essais en question, Tun relatif a un 
lignite (no 1), une houille recente (no 2) et une houille plus ancienne 
(no 3). L’axe horizontal donne la pression de vapeur d’eau dans fair 
ambiant, l’axe vertical le poids en grammes de 1’eau hygroscopique 
retenue dans 100 gr de combustible pur. Les fleches indiquent si la 
courbe se rapporte au dessechement ou a 1’humidification. 

En comparant les resultats on s’apenjoit que failure du desse¬ 
chement est caract€ristique de chaque charbon, car les combustibles 
ne different pas seulement par leur teneur maximum en eau hygros¬ 
copique mais encore par la forme des courbes. II serait interessant 
de savoir si Ton pourrait deduire de ces courbes des constantes 
numeriques propres a caracteriser les combustibles au point de vue 
de leurs proprietes hygroscopiques. 

Bien que la connaissance de l’hysteresis sur les courbes de des¬ 
sechement et d’humidification soit certainement de grande importance, 
nous sommes obliges pour le moment de ne pas nous en soucier, 
et de choisir pour nos considerations une seuie branche de la courbe, 
ie mieux la courbe de dessiccation, qui est plus reguliere. Au debut, 
il sera de plus n£cessaire d’idealiser la courbe en question et de sup- 
poser que son allure est reguliere. 
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Pour arriver a i’equation de ia courbe ainsi simpiitiee (fig. 2), 
la marche a suivre, empirique en partle, est la suivanie: 

100 gr de charbon contiennent au debut de la dessiccation, c’est- 
a-dire sous la pression de vapeur d’eau p Q , A gr d’eau. Si ceite pres- 
sior. s’abaisse a p, il reste dans le charbon a gr d’eau. A la diminution 


1 a de la teneur en eau correspond 
une diminution dp de la pression 
de ia vapeur d’eau. La forme de 
la courbe montre que la valeur du 
rapport J a: dp est d’autant plus 
grande que a est plus faible, c’est- 
a-dire que la quantite deja enievee 
d’eau (J — a) est plus forte. Sup- 
posons provisoirement la propor- 
tionnalite 

da 

. ^ n 

dp 


8 

1 



Fig. 2. 

A — a). 


An differentiel da on pent aussi substituer 

d a — d (A — a), 

de sorte que 

—d (A — a) ' , 

m - A _ a 

et par integration 

— 1 n (.4 — a) 4- < ’ — a p>- 


Pour calculer la constante d’integration, on met p — 0, ce qui fait 
que a devient lui aussi egal a z£ro, de sorte que In A. Liquation 
int£gree pr£sente la forme 


En appliquant cette equation aux essais effectues on trouve que 
le coefficient a n’est point une constante, mais qu’il est a peu pres 
une fonction parabolique de la valeur (A — a): 

(2) a — k C4 — 

En introduisant cette relation dans l’equation differentielle ci-dessus 
(1), on a 


— d (A ~ a) 
{A — af- n 


— idp 



on 



L'integraticm cie cette equation donne 

If. 

Pour y 0 et » o il vient comme constante d’integranon 


V 

de sorte que i’eq nation de ia courhe serait 
(3) .1’ — (.4 — «)" •• nip A’y/ 

Example: Charbon 2 du tableau I: 

Humldite initiate A = 22‘2. 

A la pression ^ 1H correspond une humidite 19"9. 

p. 2 5‘2 :• !0‘S. 

En introduisant ces valeurs dans I’equation (3) on obtient deux 
equations a deux inconnues » et h qu’on est oblige de resoudre par 
tatonnement au moyen de I’interpolafion graphique. li vient alors 

u = 0-70 k - 0 90. 

Le caleul ainsi effectue donne pour ies charbons du tableau 1 les 
valeurs suivantes de n et k: 


charbons 

II 

/.- 

1 

1-25 

3‘86 

2 

0-70 

0-90 

3 

0-53 

0*59 

4 

1*11 

1-63 

3 

0-92 

0-61 

& 

0-25 

0-22 

7 

0*4 

0-96 


Dans le eas du charbon no 8, ^equation n’est pas bien resoluble, 
ce qui tient probablement a ce que, k la pression de 18’7 mm de 
vapeur d’eau, ce charbon est encore assez eloigne de I’etat de satu¬ 
ration. 

Les constantes trouvees d’hygroscopicit6 k et les exposants d’hygros- 
copicite n doivent etre consideres — en raison de Pirregularite des cour- 
bes — comme des valeurs moyennes dans 1’intervalle de pression con- 
sidgre. Comme on voit, ces valeurs different tres fortement pour les 
divers charbons, elles atteignent le minimum pour les houilles an- 
ciennes, le maximum pour les lignites recents. 




Quantite d’eau absorbee darts 100 de eoni h u si i hie sec. 


Four determiner sur cette base k comportement d'hygroscopici;e 
dun charbon, void done comment on devrait proeeder: LeehanflSIon 
du charbon serai! abandonne, a line temperature donnee, d'sbord dans 
line atmosphere sahiree de vapetir d’eau, jnsqis a poids constant, apres 
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quoi on repeterait la m§me operation dans au moins deux atmospheres 
moins riches en eau, produites par exemple au moyen d’acides sul- 
furiques Stendus de tension de vapeur connue. Les rfisultats obtenus 
permettraient de calculer la constante et I’exposant d’hygroscopicM. 
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On ne saurait nier que ce serait la un precede fort lent, convenant 
peu aux besoins de la pratique. 

L’idee slmpose de substituer au milieu gazeux un liquide 
susceptible d’enlever 1’eau. Pour examiner cette possibility, nous 
nous sommes adresses au phenol qui a letat anhydre constitue un 
corps ires hygroscopique. Voici comment on procedait: Des poids 
connus de charbon a teneur connue en humidite etaient meiangees 
a 45° environ avec des poids connus de phenol, puis, au bout de 

quelques minutes, on determinait 
au sein meme du melange ie 
point de congelation du phenol. 
Les variations du point de con¬ 
gelation du phenol en fonction 
de la teneur en eau ont ete prea- 
lablement determ in ees par une 
serie d’essais oil l’on ajoutait de 
1’eau au phenol employe. On pou- 
vait alors caiculer 1’eau retenue 
par le charbon. Par une nouvelie 
determination, faite sur le meme 
melange de phenol et de charbon, 
on trouvait regulierement que le 
point de congelation ne s’abais- 
sait plus, c’est-a-dire que l’equi- 
libre entre les deux corps s’eta- 
ceneur- de Coade en eou blissait tres rapidement. 

Fig. 3. Le tableau II donne les resul- 

tats des essais faits avec un lignite 
a (1, Handlova) renfermant 16‘36"/ 0 d’eau hygroscopique. En outre, 
les combustibles suivants ont ef£ etudies: 

b) lignite cireux.a 7i5“/„ 

c) lignite de Boheme (II) . a 7-97°/ 0 

d) sciure de bois.a 8-52% 

e) charbon cretace .... a 9 88% 

fi houille d’Ostrava .... a 3‘86°/ 0 

Ii est dvident (voir la fig. 3) que 1'eau se partage entre les deux 
phases en proportions d6finies repondant a des courbes assez r^gu- 
lieres. Pour le bois, les deux lignites (ct et c) et pour la houille 
ancienne (f) les courbes presentent un caractere semblable. Une allure 
tout I fait oppos£e a pu gfre constat^e pour le charbon cretace («). 


d’humidite 

» 

» 
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Nous ignorons jusqu’ici a quoi tient ce comportement exceptionnel, 
s’il s’agit ici de l'influence d’une forie teneur en constifuants min£raux 
(30%), liant de l’eau hydratique, ou d’une solubilite plus elevge des 
matieres bitumineuses de la houille dans le phenol. Ce dernier pheno- 
mene entre assez nettement en jeu chez ie charbon cireux, chez les 
autres charbons, toutefois, il n’a exerce sur le point de congelation 
du phenol qu’une influence a peine perceptible. 

Des courbes de caractere tout a fait different, concaves par rap¬ 
port a l’axe de la teneur en eau, ont ete trouvees lors de la marche 
inverse, c’est-a-dire lors de 1’introduction du charbon sec dans le phenol 
renfermant de 1’eau. II s'agit ici de phenomenes interessants sans doute, 
mais assez complexes, de sorte qu’on ne saurait jusqu’ici recomman¬ 
der la methode en question pour la determination de 1’eau hygrosco- 
pique. Nous esperons cependant pouvoir elucider ces questions par 
des recherches uiterieures, ce qui permettra peut etre I’application de 
cette methode, relativement simple et rapide dans son execution. 

Les methodes servant a determiner les proprietes hygroscopi- 
ques des combustibles qui viennent d’etre decrites, pourraient toutes 
etre designees comme methodes statiques, car on y deduit les con- 
stantes caracteristiques des combustibles par determination d’equilibres, 
c’est-a-dire en etablissant le partage de I’eau hygroscopique entre 
le charbon et la seconde phase (gazeuse ou liquide). Toutefois, pour 
resoudre le probleme, on peut encore choisir la vote dynamique, 
c’est-a-dire poursuivre la vitesse de vaporisation de l’eau hygros¬ 
copique du charbon. Toutes choses egales d’ailleurs, la dessiccation 
sera d’autant plus lente que le combustible sera plus hygroscopique. 

Pour deduire les relations mathematiques entre les diverses gran¬ 
deurs, on peut, faute d’autres moyens, faire des considerations analo¬ 
gues a celles faites lors de l’etude des methodes statiques. 

Dans des conditions choisies, on peut enlever au combustible 
donne, par dessiccation, d’eau au maximum.®) 

Si en un temps t 1’eau evaporee est a;%, il y reste k ^ U — x. 
Supposons pour le moment que la diminution en % de la teneur 
en eau soit, dans i’unite de temps, en raison directe de la teneur 
en eau restante, de sorte que pour un intervalle de temps tres court 

*) Contrairement au calcul ci-dessus on ne fait pas ici entrer en compte la pro¬ 
portion d’eau pour 100 gr de combustible see, mais le pourcentage d’humidite. 
11 est en effet plus usuel d’exprimer la teneur en eau sous cette demiere forme. 
La valeur de 1’exposant de dessechement ne subit qu’un changement tres peu 
considerable en adoptant ce mode de calcul. Evidemment, il est dgalement possible 
de calculer avec .1, c’est-a-dire la proportion d’eau pour 100 gr de combustible sec. 
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oii fl est It coefficient de la vitesse d evaporation. Far it calcui deia 
con mi on arrive a lequation 


En appliquam cede equation aux resultats experimentaux on trouve 
de nouveau que n : est pas tine constante mais vane avec la teneur 
en eau residuelle du eharbon, et cela sensiblemem suivant la relation 
parabolique 

(5) ft l- (H — 


Dans cette relation seule la constante k depend des conditions de 
i’experience, alors que l’exposant m constitue la constante specifique 
du combustible examine, exprimant la variation de ses proprietes 
hygroscopiques en fonction de la teneur en eau. 

En introduisant cette derniere relation dans I’equation differenti- 
elle primitive, et en operant l'integration de maniere habituelle, on 
obtient 

( 6 ) (//—*)• •«—//-* ml;t ■ Kt 

on sous une autre forme 


<6 a) 


1 1 

(U — H m 


= Kt. 


Si m est en fait une constante specifique du combustible examine, 
il ne saurait dependre des conditions de l’experience qui font varier la 
vitesse de dessechement de facon mecanique, comme par exemple 
la hauteur de la couche de la prise d’essai, le mouvemeni du gaz, 
etc. L’exposant n’est alors determine que par la nature du combu¬ 
stible, la temperature et Fhumidite de la phase gazeuse dans laquelle 
passe l’eau du eharbon. 

Pour verifier la justesse de cette conclusion, nous avons effectue 
sur un echantillon de lignite (Handlova) une serie d’essais de des- 
siccation a la temperature ordinaire (aux environs de 20°) de maniere 
I ce que le eharbon se trouve regulierement dans une atmosphere 
dessech£e a 1’acide sulfurique concentre, tandis qu’on faisait varier 
les conditions m£caniques de Texperience. On a use des modes 
operatoires que void: 

1. La prise d’essai £tait placee dans un dessiccateur ordinaire 
sans imprimer de mouvemeni force a Fair y contenu. La dessiccation 
a dure 72 jours. 
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2. La prise d’essai se trouvait dans un flacon pese-creuset place dans 
an dessiccateur specialement construit*) ei dans lequel on imprimait 
a Pair un mouvemeni force. La dessiccation a dure de 5 a 14 jours. 

3. La prise d’essai etait enfermee dans de petits tubes d’ou Ton 
enlevait I’humidite en faisant le vide en presence d’acide sulfurique. 
A 20° la duree de dessiccation etait de 64 heures. 

Les conditions mecaniques des divers essais etaient done fort 
differentes. Les resultats se trouvent rassembles dans le tableau ill. 


111. Dessiccation d’un lignite a la temperature de 20'\ 
au-dessus de i’acide sulfurique. 


Essai 

No 1 

2 


3 


4 


3 


Dans Pair 

calme 


Dans Pair agite 

Dans le vide 

Jours 

Perte 

Perte 

jours 

Perte j 

Jours 

Perte '*/„ 

Heures 

Perte 5 

Perte ' 

1 

10-04 

9-0 

1 

9-87 

0-25 

7-16 

0-5 

8-15 

6-40 

3 

14-38 

13-11 

2 

10-75 

1 

10-60 

1-5 

12-21 

10-20 

7 

16-26 

14-95 

4 

11*38 

2 

11-20 

35 

14-71 

13-09 

15 

16-96 

15-71 

6 

11-72 

3 

11-50 

7-5 

15-07 

14-05 

31 

17*23 

15-97 

8 

11-82 



15-5 

15-75 

14-60 

63 

17-42 

16-20 

11 

11-93 



315 

16-20 

14-85 

72 

17-42 

16*16 





63-5 


15-00 

iSfflilllte I 1 * 7.4 c 
Mm 

16-14 


12-17 


12-17 


17-05 

16-14 


Les ch iff res du tableau permettent de calculer pour Pexposant ru¬ 
les valeurs suivanies: 


Essai 

Mode de dessiccation 

m 

K 

1 

gaz en repos 

0-95 

0-08 

2 

;> ■ .% 

0-88 

0-09 

3 

gaz mainlenu en motivement 

1*00 

0-37 

4 


0-95 

0-44 

5 

vide 

1-00 

0-11 

6 


1-03 

0-12 


La supposition que rn est constant pour une sorte donntie de 
charbon et une temperature donnee, se trouve done suffisamment con¬ 
firmee. Les petits hearts de la valeur moyenne se laissent ais6ment 
expliquer, d’une part, par les variations de la temperature (il Stait 
difficile de la maintenir constamment k 20°), d’autre part, par la possi- 

!!t ) La construction de ce dessiccateur fera Tohjet d’tine communication tsltdrieure. 
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bilite que la composition de i’atmosphere dessiccatriee varie elle aussi 
avec les divers modes operatoires. 

La comparaison des valeurs de la constante K serait illusoire en 
raison du fait que ni les conditions de i’experience ni les unites de 
temps n’etaient les memes. 

La question se pose de savoir quelle est la variation de I’exposant 
m en fonction de la temperature. Le tableau IV donne les resultats 
d’une serie d’essai fails avec le meme lignite que celui employe 
dans les essais precedents, ei effectues par dessiccation dans le 
vide a des temperatures variables. La figure 4 illustre graphiquement 
failure de la dessiccation. Pour w ei K*) on en tire les valeurs 
que void: 


Issai 

Temperature 

in 

A 

7 

25° C 

1-1 

0-20 

8 

40 

1-4 

0*58 

9 

40 

1-45 

0*52 

10 

60 

1*9 

0*63 

11 

60 

1*7 

0*78 

12 

80 

1*2 

2*24 

13 

80 

1*2 

2*90 

14 

100 

0*75 

2*85 


IV. Dessiccation d’un lignite dans le vide a des 
temperatures variees. 


Essai No. 7 

8 

9 

10 

11 

12 

13 

14 

Tempera¬ 

ture 

25° C 

40° 

40" 

60° 

60" 

80° 

80° 

100" 

Heures 

Perte % 

Perte "/ 4 

Perte /, 

Perte °/o 

Perte % 

Perte '/, 

Perte 

Perte 

0*5 

6*65 

13*80 

15-07 

15-71 

16*91 

16-48 

17-80 

16*88 

1*5 

9*78 

15*10 

16-46 

16-20 

17-60 

16-99 

18-26 

17*21 

3*5 

11*00 

15*57 

16-95 

16-73 

18*10 

17*17 

18-42 

17*39 

75 

11*68 

15*76 

17-16 

16-96 

18-40 

17*25 

18-51 

17*44 

15*5 


15*84 

17-32 

17-23 

18-46 

17-30 

18-53 

17*44 

31*5 


16-04 

17*44 

17*36 

18-53 

17-37 

18-53 


63*5 


16-15 

17*62 

17*39 

18-65 




127*5 


16-11 







Humidite 

totale 

j 12*38 

16-14 

17*45 

16-14 

17-45 

16-14 

17*45 

16*14 


*) Comme eau hygroscopique lotale Mon a pris pour le calcul, pour les tempera¬ 
tures 40* et siiperieures a 40% la perte de poids totale. 
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Lorsque la temperature s’eleve, m augmente d'abord pour redes- 
cendre ensuite quand la temperature a depasse 60°. Pour la constante 
K c’est 1’inverse qui a lieu. La retrogradation aux temperatures 
au-dessus de 60° est due, ainsi qu’il a ete exactement verifie par line 
voie toute differente, aux pertes assez considerables que subit le 
charbon lors de la distillation dans le vide. La determination des 
valeurs en question constitue done encore un moyen d’etudier les 
alterations chimiques de la substance carbonee. 



Pour ce qui concerne la variation des valeurs hi et K avec la 
nature du combustible, le nombre de nos essais ne suffit pas jusqu’lci 
pour tirer des conclusions un peu generates. Ce n’est done qu’a titre 
d’exemple que nous donnons id les resultats obtenus lors de la 
dessiccation de quelques combustibles operee dans un dessiccateur 
& atmosphere maintenue en mouvement: 


lignite. 

tit 

. . . 1-0 

A 

0-33 

charbon a gaz .... 

. . .0-7 

im 

charbon cr&ace .... 

. . . 1-4 

0-19 












Nous estimous que 1'etudt- des proprietes hygroscopiques par 
voit einetique peui conduire a une caracteristique assez netfe des 
combustibles. La mise au point des conditions experimentales pour 
5a pratique courante de ce genre de determinations fera I'objet d’etudes 
ulterieiires. La march e probable sera ia suivante: 

1. a des intervalles de temps determines, on etablira dans un 
dessiccateur ordinaire la perte de poids subie par le^ combustible 
examine, 

2. on determiners l'eau hygroscopique totaie par dessiccation a 105 ,J . 

/nstitut des Combustibles et des Metaux 
it VEcole Polytechnique tcheque de Brno 
(Tchecoslovaquie). 


Resume. 

Les auteurs envisagent ies methodes qui pourraient servir a deter¬ 
miner les proprietes hygroscopiques des charbons. 

Les methodes staiiques consistent en ceci: on laisse le com¬ 
bustible en contact avec une atmosphere gazeuse dont on connait la 
tension de vapeur d’eau, et, une fois Fequilibre atteint, on determine 
ia teneur en eau de la substance. Si cette determination est effectuee 
a une meme temperature pour des tensions de vapeur d’eau variables 
dans le milieu ambiant, on obtient une courbe traduisant les pro¬ 
prietes hygroscopiques du charbon. Cette courbe se iaisse sensi- 
blement rendre par i’equation 

A* — (A — i«)' — h kp . 

oil ,4 designe I’humidite initiale du charbon, a son humidite residuelle 
a la tension de vapeur p, it et k des constantes caracterisant ies 
proprietes hygroscopiques du charbon. 

Dans ia methode dynamique, on determine la vitesse avec ia- 
quelie le combustible subit le dessechement dans les conditions de 
I’experience. La variation en fonction du temps t est donnee par 
I’equation 

{/■/-*•) — H~’ M — IH&t 

oil H est ia teneur en eau totaie, la proportion d’eau evaporee 
en un temps t, m et It, sont des constantes. La constante } comprend 
aussi les conditions de l’experience. 



A NOTE ON THE DISSOLUTION 
OF CARBON DIOXIDE IN FUSED TELLURIUM 

by A. SIMEK and J. SMIDA. 


The first of the present authors found in collaboration with 
B. Stehlik 1 ) that the melting point of pure tellurium is lowered 
when determined in hydrogen or in carbon dioxide under atmos¬ 
pheric pressure, by about 0i5 and 0 - 2°Cresp. against the value found 
in vacuo. This lowering is in carbon dioxide approximately propor¬ 
tional to gas pressure. From this and from other evidence it was 
concluded, that the lowering of the melting point is caused by carbon 
dioxide dissolving in the metal, the volume absorbed, reduced to 
N. T. P., being roughly about one third of the volume of the fused 
tellurium at its melting point. 

To verify this conclusion an attempt was made to determine the 
solubility of carbon dioxide in fused tellurium above its melting point 
by the method used by A. Sieverts and J. Hagenacker 2 ) of 
measuring the solubility of hydrogen and oxygen in fused silver. 
The metal was contained in a porcelain boat placed in a tube of 
hard porcelain, which was closed on one end and connected on the 
other by a ground joint, cooled with running water, to the measuring 
burette.' The space between the boat and the porcelain tube was filled 
with a rod of the same material. The tube was placed in a long, 
horizontal electric furnace, the temperature of which could be kept 
constant within ± T5°C by means of a regulator connected to a re¬ 
lay changing alternately the external resistance of the heating circuit. 
The temperature was measured by means of a calibrated Le Cha- 
telier thermocouple connected to a deflection potentiometer. 

The procedure of measurement was as follows. The tube was 
first evacuated at the temperature of the experiment by means of 
a Sprengel mercury pump, the boat being empty. Then the appa¬ 
ratus was filled at atmospheric pressure with carbon dioxide from 
the measuring burette, and after equilibrium had been attained, the 
volume under atmospheric pressure noted. This was repeated .several 
times, the volume of gas which filled the porcelain tube and its 



capillary connection to the burette coming out constant within 0 - 5°/ l( . 
when reduced to N. T. P. The volume measured thus by means of 
the burette, which was provided with a water jacket containing also 
the levelling tube, was controlled also by pumping off the gas into 
a calibrated eudiometer. Then the tube was opened, the boat filled 
with tellurium, the tube evacuated again and filled anew with carbon 
dioxide at the same temperature as before. Now, if there would be 
no absorption of carbon dioxide, the new volume found, when re¬ 
duced to N. T. P., must be equal to less the volume of the tellu¬ 
rium in the tube, e Tf . If, however, the volume found, say r . 2 , is larger 
than this difference, dissolution must have taken place, and the 
amount dissolved would be given as the difference c. 2 — —«')» 

!■' being the volume of the gas which would fill at the temperature 
of the experiment the volume taken by the tellurium in the tube, 
reduced, of course, as /•, and r. 2 , also to N. T. P. 



Fig. 1. 

The actual measurement was made at 485° C. Owing to the vola¬ 
tility of tellurium a considerable amount of it was found condensed 
in the cooler part of the tube and on the rod. To ascertain this 
amount and to inspect the metal remaining in the boat it was ne¬ 
cessary to break the tube. For this reason the experiment could not 
be repeated and the result must be considered as only preliminary. 
The upper part of Fig. 1 shows the upper surface of the solidified 
tellurium, which is rather smooth and without the typical marks due 
to bubbles of escaped gas, seen on the other side, which looks other¬ 
wise highly polished and is reproduced in the lower part of the figure. 
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Denoting the total weight of liquid tellurium in the boat and that 
oi solid tellurium outside of it by Te l and Tc x respectively, and the 
corresponding volumes by o, and »,, assuming further for the appro¬ 
ximate value of the density of solid tellurium at its melting point 
6-2 grjcc, and for the change of volume at the melting point provi¬ 
sionally Topler’s 3 ) value GDI23 ccslgr, the result of the experiment 
can be summarized as follows: 

v>i = 10"44 ccs (mean of four values, reduced to N. T. R), 
r 2 9-76 ccs (reduced to N. T. P., the barom. pressure being 
741‘3 mms at the time of measurement), 

T >7 ^ 14-17 grs, Te s — 2‘59 grs, -•= 2-46 ccs, r f 0 - 42 ccs, 

>\ n s= o t -j- e s ~ 2 ‘ 8 S ccs 


2 - 88 . 


273.760 
758.741-3 


---= 1 - 06 ccs. 


The volume of carbon dioxide absorbed by the liquid tellurium, 
assuming that solid tellurium absorbs practically none, is thus equal 
to i ?. 2 — U\ — »') --- 0-38 ccs. The absorption coefficient would be then 
0*38:2-46 — Oi 6 , or 1 cc of liquid tellurium would absorb O'16 ccs 
(reduced to N. T. P.) of carbon dioxide at 485° C. This is only about 
one third of the value 0*51 ccs (reduced to N. T. P.) deduced from 
the observed lowering of the melting point. 

Considering the great experimental difficulties of the measurement, 
the fact, that only one measurement was made at a temperature 33° C 
higher than the melting point, and the somewhat simplified assump¬ 
tions made in calculating the absorption coefficient, the result does 
not invalidate our former conclusion about the cause of the observed 
lowering of melting point of tellurium in carbon dioxide at atmos¬ 
pheric pressure. Any detailed discussion would be premature without 
recourse to further experiments. 

Thanks are due to Miss j. Gilbert ova for valuable help in 
making the measurements. 


Received December 22nd, 1930. The Physico-chemical Institute of 

the Masaryk University, Brno, 
Czechoslovakia. 
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MEASUREMENTS 

OF INTERFACE ELECTRICAL CONDUCTIVITY 

bv K. SANDERA. 


The existence of excess conductivity in the neighbourhood of 
interface has been proved by Stock, Laing, Fairbrother, 
Briggs and others, in accordance with the suggestions of Smo- 
iuchowski (1905). The respective bibliography is to be found in 
the paper of J. W. Bain, Ch. R. Peaker and A. M. King (/. Atner. 
Chem. Sac. 1929, 51, 3294), who evaluated for the first time the 
effect of a thoroughly defined surface upon the electrical conducti¬ 
vity of solutions. For 0‘001 n. KOI at 25° C the excess conductivity 
in the neighbourhood of optically polished glass, fused silica and 
optically polished quarts, amounts to a specific surface conductivity 
of 4-3.10 8 Ohm 1 C. A. Ooethals {Rec. trav. chim. 1930, 49, 357) 
investigated different solid systems with only one exception (sand and 
solution of potassium chloride and sucrose). 

The quantitative evaluation of the excess conductivity in the inter¬ 
face between the powdered or coarsely crystaline solid and electro¬ 
lyte solution offers considerable difficulties because of the unknown 
extent of the interface and the unknown effect of solid particles on 
the passage of the electric current. 

In the present author’s research the influence of solid particles of 
different size and of different surface upon the conductivity of elec¬ 
trolytes has been measured to show the dependance of the excess 
conductivity from the form, size and number of the immersed solid 
particles. Practical applications are also mentioned. 

Apparatus and the method. 

The electrolyte to be measured is contained in a rectangular glass 
vessel of dimensions 10*1 X 3*04 X 10*27 cm (see fig. 1 v), provided 
with a pair of bright metallic electrodes, which entirely cover the 
two opposite sides of the area 3*04 X 10*27 cm sq. The conductivity 
cell is filled with a definite amount of the electrolyte (50 ccs cover 
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1-61 X 3-04 cm sq. of the electrode); the resistance is measured and 
then the solid phase is added, which varies the capacity of the cell. 
Thus excess conductivity is directly determined as due to the special 
effect of immersed solid (not to the effect of “dilution”). This deter¬ 
mination is not disturbed 
by occasional air bubbles 
or water content of the 
immersed solid, if the 
use of wet material is 
necessary, because these 
influences cannot change 
the resistance of the 
whole system, the dimi¬ 
nishing of the specific 
conductance being com¬ 
pensated by the propor¬ 
tional increase of the 
surface of the electrode. 

For the determination 
of resistance the con¬ 
ductometric apparatus 
with visual indication has been used, which is diagramatically shown 
in Fig 1. This device has found its application in technical as well 
as in scientific laboratories for its convenience for rapid and precise 
work. It has been proposed by the present author and described in 
technical periodicals (Listy Cukrov. 1926, 45, 25, 459, Z. Zuckerind. 
Czechoslov. 1926, 51, 205, 603, Chem. Obzor 1927, 2, No 8 etc.). 
For measurements an alternative current of 120 volts and 50 periods 
has been used (but any other current might be equally applied) which 
is branched to four resistances; the first two form a pair of electric 
lamps (L lt ij) and the other two the standard solution (N) and a con¬ 
stant resistance device (R, Ilk, r). By altering the distance between 
the electrodes (e x e 2 ) in the vessel JV, which contains the standard 
solution, the resistance in the circuit is altered and is to be balanced 
by the constant resistance; the two lamps only then equally illuminate 
both sides of the field of vision when equilibrium exists in the system. 
Then the conductivity (or the ash contents of organic matter as su¬ 
crose) are directly read from a scale calibrated by means of a solution 
of known conductivity (or of known content in the respective mine¬ 
ral matter). The manipulation is simple and rapid; the determination 
may be carried out at 20° C or any temperature in the neighbour- 



scheme for direct measurement of change of 
electrical conductivity of electrolytes due to 
immersed solids. 
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hood of 20° for the temperature control is made mechanically with 
a correcting resistance —>*. The conductivity cell (V) for the mea¬ 
sured system is used in the way shown in Fig. 1 . When equilibrium 
is reached in the whole circuit, the resistance of the conductivity 
cell {E x ) plus the known resistance of the measuring vessel JSf {R m ) 
is equal to the known constant resistance (iJ c ). From this relation 
the resistance of the system under examination is calculated. E z — 
-=^R e — Bm, ’Em being directly read on the scale without recalculating, 
which is necessary when using Kohlrausch’s classic method. 


Tab. 1 . 

The electrical resistance of electrolytes including solid matter. 
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Correction factors (k) of electrical conductivity of electrolytes including 

solid matter. 

Experimental results are computed in Tab. 1. and in the diagram 
Fig. 2. The influence of increasing amounts of thoroughly washed 
sand upon the resistance of the 002 n. KOI solution was studied in 
the first two series of experiments. The percentage volume of the 
solid changes from 0 to 670 and 61‘5 respectively. The directly 
measured resistance (Tab. 1. column 6.) means the resistance of the 
system, without being affected by the “dilution” produced by the 
solid. The differences obtained from the ratio of the observed re¬ 
sistances to the resistance of pure electrolyte (Tab. 1. col. 7.), are 
thus directly and more precisely determined than in the method with 
the conductivity vessel at constant capacity. The values indicate the 
effect of increasing surface due to the increasing amount of solid 
matter, diminished by the retarding influences of solid particles, 
which oppose the passage of current The functions of both these 
factors are shown by the curves 1 and 2 in Fig. 2. The size and 
form of the grain has a pronounced influence, demonstrated by the 
increasing resistance in the case of larger grains of sand (curve 2). 
This is due to the smaller interface and larger screening effect 
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offered to the electric current by large particles. The two factors 
work oppositely. When using solid substance finely divided as in 
the case of crystallised and thoroughly washed calcium carbonate 
in the same electrolyte (0'02 n. KC1), the correction factor surpasses 
the value of 1, that means, the resistance diminishes with the incre¬ 
asing amount of the solid. This phenomenon is changed in the presence 
of sucrose, which produces a gradual increase of the resistance, i. e. 
the correction factor is smaller than 1. It is difficult to decide, whether 
this is due to a change in the adsorption or to an alteration of the 
screening effect of the particles in the viscous medium of sucrose 
solution. 

The developed surface of diatomite (infusorial earth) settles its 
screening effect and therefore the addition of diatomite does not 
change the original resistance till it nearly forms a quite solid system, 
(series and curve 6), except of a slight increase of the resistance 
when as much as 50%—65% of the solid are present. 

The addition of activated coal (“norit”, washed with distilled water 
till the conductivity of the filtrate was negligible in comparision with 
the conductivity of the system investigated) effects such an increase 
of the interface solid — solution, that the resistance decreases rapidly 
from the beginning (series and curve 7). When a four times diluted 
electrolyte (0 005 n. KCl) is used, the effect is more pronounced, in 
accordance with the results of Bain, Peaker and King (1. c.) 
obtained with ^7-solution on glass surfaces. 


Theoretical discussion. 


The method described above allows a direct measure of the 
correction factor (k) in the equation for the conductivity, C (or re¬ 
sistance R) of the electrolyte including a determined volume (p„) of 
solid matter. The specific conductivity (x) and the specific resistance 
{g) are calculated from the equation: 


1 
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when the zero index refers to the conductivity of the original solution 
without an addition of solid. According to the experimental method 
given above we have 

C — k.G 0 or It=\/k.Ji 0 . 

Thus the correcting factor k is measured and might be regarded 
as a function of the retarding effect due to the size and amount of 
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solid particles [f(p, d)] and of the excess conductivity on increased 
interface [q> (p, P)]. When neglecting the cataphoretic conductivity 
we can write: 

* =*= 1 ~ f(P - fl ) + r P (P ■ P) 

It must be borne in mind that the active interface, which is offered 
to the electric current is approximately only 2 / s of the total surface 
of the solid; e. g. that two of six planes of a cube are dirreded to 
the electrodes and vertically to the passing current; of course this 
relation does not hold exactly for the general state of the particles. 
The screening effect of the particles is increased by the solution 
adhering to the side of the particles, opposite to electrodes (comp, 
the present author’s study in Listy Cukrov. 1928, 47, 9; Z. Zuckerind. 
Czechoslov. 1928, 53, 149). 

Without entering into details we can write 


/,- = ! 


P » 

ioo 




(where a is measured in microns), and compare the experimental results 
with the theory. The form of the curves (Fig. 2.) shows that the 
simple equation cannot hold exactly but that it holds practically for 
most of the measured values; it presents,, moreover, the advantage 
of showing differences of the various influences. This is of conside¬ 
rable importance because it presents the possibility to obtain some 
information about the area of the surface of finely divided solids, 
hitherto unknown. Much of this we owe to Bain, Peaker and 
King (1. c.) who have shown the relation of the decrease of the 
electrolyte concentration with the relative increase in conductivity 
and have measured the absolute and relative value of the excess 
conductivity at a definite ratio of the volume of electrolyte to the 
area of the interface. 

In the diagram Fig. 2. the curve represents the equation 
Jc — 1, which means that m = 5/a, or a — 2‘5 .10 -3 cm, if m — 0*2 
which result (for diatomite) is not absurd. The curve k" lh represents 
the equation 
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the value of a being that for the curve 2. 

The curve P and the point G denote the values calculated from 
the measurements of J. Peller (Listy Cukrov. 1930, 49, 77) and that 
of Goethals (1. c.). The first represents the determination of the 



effect of crystallized sucrose upon the conductivity of concentrated 
molasses and shows considerable irregularities. 

The agreement between some calculated and experimental values 
is shown in Tab. 2. 


Tab. 2. 

Observed and calculated values of k. 
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The relatively small differences here encountered prove that the 
simple equation holds without the higher members, necessary for 
precise calculation. It must be borne in mind that the equation cannot 
hold generally in this simple form; yet it enables us to distinguish the 
two prevailing factors, which govern the conductivity of these com¬ 
plicated systems. 

It might be, finally, mentioned that the present research and the 
method described have practical application to the study of activated 
coals, of soils etc. 

Received Nov. 29 th. 1930. Research Institute 

of the Czechoslovak Sugar Industry. 

Prague. 


Summary. 

A method and an apparatus for measuring interfacial electrical 
conductivity of the system ‘electrolyte — solid powder’ are described. 
The experimental results thus obtained and those of bibliography 
are discussed. 





NOUVELLE MODIFICATION BE L’APPAREIL 
LE CHATELIER-BRONIEWSKI 


par A. REGNER. 

Lors des mesures physico-chimiques on a souvent a determiner 
d’une fagon continue la variation d’une grandeur en fonction d’une 
variable. Ce sont par exemple la variation de la temperature en fonction 
du temps lors du refroidissemerit ou du rechauffement lents, la variation 
de la dilatation, de la conducfibilite miectrique, de la force thermo- 
electrique, de la susceptibility magnetique en fonction de la tempe¬ 
rature, qui presentent toutes un interet particulier pour 1’etude des 
metaux et des alliages. 

La mesure reelle de ces grandeurs ne se laisse effectuer que dans 
des intervalles definis de temps on de temperature. Les valeurs lues 
sont alors portees sur un graphique traduisant la fonction etudide sous 
forme d’une courbe. On congoit que sur une telle courbe, abstraction 
faite des erreurs d’observation personnelles, puissent eventueilement 
echapper a l’observation les details relatifs aux moments interm£diaires 
entre deux lectures. Cet inconvenient disparaft lorsqu’on se serf 
d’appareils automatiques enregistrant les valeurs momentann^es des 
variables d’une maniere fidele et continue. 

A l’lnstitut de metallurgie et de metalfographie de notre Ecole je 
disposais d’un appareil systeme Le Chatelier-Broniewski (voir 
la Revue de metallurgie 1, 134, 1904) 
construit par Pellin I Paris. 

En voici le principe (voir la fig. 1.): 

Les rayons Iumineux de la lampe L 
sont parallelisms, apr^s leur passage 
par le diaphragme C, an moyen du 
collimateur K r^gle pour l’infini. 11s 
sont ensuite successivement reflechis 
par les miroirs de deux galvanome- 
tres dont le premier leur donne une 
deviation verticale (au moyen d’un 
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prisme d^viateur), le second une deviation horizontale, Le premier gal¬ 
vanometre se laisse remplacer par un disposiiif dilatometrique ou un 
mecanisme d’horlogerie muni d’un petit miroir servant a enregistrer les 
courbes temperature-temps. De la, les rayons passent par l’objectif 0 
et viennent se concentrer sur la plaque photographique en un point 
lumineux. 

Dans la suite, je rends compte de S’experience que j’ai acquise 
en operant avec I’appareil Le Chatelier-Broniewski, et je propose 
d’y apporter quelques modifications pour obtenir une sensibility plus 
grande et un maniement plus facile. 

1. L’imperfection du systeme optique avait pour suite que la 
trace lumineuse s’eteignait vers les bords de la plaque et que, au 
lieu d’etre rectiligne, quand on lui avait imprime une marche verti¬ 
cal e, elle decrivait des arcs. Ce defaut a ete decouvert dans le prisme 
renversant qui faisait ecran aux rayons marginaux. Sa position ne 
se laissait changer que dans une seule direction, tres peu d’ailleurs, 
ce qui ne suffisait pas pour eliminer le defaut en question. C’est 
pourquoi 1’ajustage du prisme a ete remplace par un dispositif nouveau 
permettant de donner au prisme un libre jeu dans tous les sens et 
de le regler de maniere a ne pas entraver les rayons marginaux. 
Le second defaut de l’appareil etait 1’insuffisance de la correction 
d’aplanetisme de i’objectif. L’appareil necessiterait un anastigmate bien 
corrigy, assez couteux, il est vrai, etant donne que le diametre de 
1’objectif est de 8 cm. En tournant les deux galvanometres de 180°, 
on rapprocherait naturellement leurs miroirs, ce qui permettrait de 
se servir d’un prisme et d’un objectif bien petits 1’un et 1’autre, dont 
on pourrait, en revanche, rehausser la qualite. Le defaut cite de 

l’objectif n’etant pas negligeable, 
j’ai opere le calibrage thermique 
de I’appareil en introduisant des 
corrections que j’ai deduites du 
systeme de verticales tangentes 
aux arcs traces par le rayon lumi¬ 
neux au moyen du galvanometre 
Gi (voir la fig. 2). La courbure 
des arcs s’accroit avec leur dis¬ 
tance de la ligne centrale AB. 

Fig. 2. La meme tension qui, reliee au 

galvanometre G 2 , a dytermine 
au centre de la plaque {y — 0) une deviation a b, determine a la hau¬ 
teur y = ijx une deviation a'b'{a'l>' 'ah). La difference ab — a'b' 
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represente alors la correction pour une distance y x du centre de ia 
plaque*) 

Le zero du galvanometre Gn pendant la determination etant con- 
stamment a MN, on peut mesurer toutes les deviations a partir de 
la tangente de l’arc MN en negligeant les corrections relatives a la 
partie gauche de l’axe AB. Au point V situe a droite de AB 
appartient alors la correction positive {b — b'), h (l’indice y 1 signifie ia 
distance respective du centre de la plaque), au point a' du cote 
opposS la correction negative («— «%,. 

2. En employant 1’appareil pour des etudes dilatometriques j’ai 
joint a 1’endroit B le dilatometre proprement dit. L’echaniilion exa¬ 
mine, long de 5 a 10 cm, est place dans un tube de quartz maintenu 
au moyen de deux supports en nickel. A l’echantilion s’applique, a 
I’aide d’un ressort, une baguette en quartz qui transmet la dilatation 
de l’echantilion a un petit miroir Z en faisant varier son inclinaison. 

Voici la marche des rayons: Les rayons partant du coliimateur 
sont reflechis sur le miroir du dilatometre par le miroir d’un meca- 
nisme d’horlogerie intercale dans le dispositif a la place du galvano¬ 
metre (?, (toutefois, le mecanisme reste en repos). D’ici, les rayons 
tombent sur le miroir du galvanometre 6L et sont reflechis sur 
S’objectif. Pendant ce temps, le prisme renversant se trouve en de¬ 
hors de Pappareil. Les bornes du galvanometre 6?» sont reliees a une 
pile thermoelectrique placee dans le four oil s’opere le chauffage du 
dilatometre. On peut enregistrer ainsi les courbes dilatation-tempe¬ 
rature. 

Le defaut de ce dispositif consiste dans la longueur excessive 
de l’echantilion et la multiplication insuffisante de la dilatation (77 fois 
la longueur initiale). Avec un echantillon ayant 10 cm de longueur il 
est impossible d’obtenir une repartition uniforme de la chaleur; lors- 
que la longueur de l’echantillon est reduite a 5 cm, 1’allongement ne 
fait que la moiti6, de sorte que 1’on perd ce qu’on avait gagn6 du 
fait de la repartition plus uniforme de la chaleur. Dans ces conditions, 
le coefficient de dilatation ne se laisse pas mesurer du tout, et la de¬ 
termination des points critiques est inexacte elle aussi, car on ne 
saurait supposer que la temperature du four mesuree au moyen de 
la pile thermoelectrique est identique a celle de 1’echantilton, notam- 
ment dans le cas oil celui-ci subit une transformation d£gageant ou 
absorbant de la chaleur. 


*) A la temperature de 1000“ Perreur au bord de ia plaque atteint 18“ environ, 
c’est-a-dire une valeur qu’cm ne saurait nuilement n6gliger. 
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3. Les galvanometres, notamment G- t , ne satisfaisaient pas a cause 
de leur peu de sensibilite, leur resistance inferieure trop faible et Ieur 
amortissemeni peu considerable. Leurs bobines etaient inutilement 
lourdes (36 or!) et, par suite, suspendues a des fils trop forts, ce qui 
rabaissait natureilemenf leur sensibilite. C'est pourquoi j’ai fait faire 
des bobines nouveiles, legeres, avec un fii de suspension tres fin, 
de longueur reduite de 40", 0 . j’ai de meme reconstruit 1’arret qui,' 
dans i’appareil original, determinait inevitablement la rupture du fil 
de suspension toutes ies fois que ce dernier n’avait par ete relSche 
prealablement. Apres ies ameliorations que j’y ai apporte, le galvano¬ 
metre G t presente une resistance interne de 105 Ohms et une sensi- 
biiite de 7-3.10~ 6 V (distance de l’echelle = 750 mm), le galvanometre 
G -2 a une resistance de 443 Ohms et une sensibilite de 29.10 -5 V. 
Pour determiner la juste position des bobines des galvanometres, 
1’appareii a ete muni d’un niveau a croix. Dans le galvanometre G. 2 
j’ai supprime le miroir auxiliaire qui avait ete fixe au-dessus du miroir 
principal et qui, en reflechissant le rayon lumineux sur une echelle 
speciale, permettait de lire la temperature. L’adjonction du galvano¬ 
metre a aiguille a, en effet, rendu superflu ce dispositif qui augmentait 
le poids de la bobine d’une maniere considerable. 

Les resistances intercalees du galvanometre G 2 , fixees au-dessous 
de la plaque de support de l’appareil, etaient construites de maniere 
telle que la deviation allant jusqu’a I’autre bout de la plaque corres- 
ponde a 800° ou 1200°. 11 n’y avait pas de resistance permettant 
d’utiliser toute la plaque pour I’intervalle 0—1000°, important pour 
la determination des points critiques des aciers. J’ai supprime ces 
resistances et je les ai remplacees par une resistance graduelle plac6e 
en dehors de l’appareil. 

4. Le mecanisme d’horlogerie servant a enregistrer les courbes 
temperature-temps et Ies coordonnees de temperature etait introduit 
dans l’appareil apres recartement du galvanometre G x . Ce deplacement 
trop frequent n’etait evidemment pas sans nuire au zero des galvano¬ 
metres ; outre cela, le zero du galvanometre G. 2 variait selon qu’on avait 
introduit dans l’appareil le galvanometre G x ou le mecanisme d’horlogerie. 
Pour cetfe raison, j’ai construit un dispositif permettant que le galvano¬ 
metre G x fasse egalement fonction du mecanisme d’horlogerie. Voici 
le principe de ce dispositif (fig. 3): Du fil de resistance ah on peut 
deriver au moyen du cavalier J un potentiel quelconque de 0 a «. 
Si le cavalier est mis en un mouvement uniforme dans la direction 
du potentiel croissant, et que a l'endroit aJ soit branche le galvano¬ 
metre <?!, le miroir du galvanometre tourne uniformement. On peut 
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faire varier la vitesse de ce mouvement en faisant varier la vitesse 
du cavalier ou en brancbant aux bouts ab des pofentiels de grandeur 
differente; la vitesse du cavalier restart egale, le rayon parcourra, 
en effet, son chemin sur le haul de 
la plaque d’autant plus rapidement 
que le potentiel ab sera plus grand. 

Comme fil ab, j’ai employe un 
tambour Kohlrausch mu par un 
electromoteur. La vitesse du tam¬ 
bour se laisse regler par la boite 
de vitesses et le frein du moteur. On 
peut faire varier la vaieur du poten¬ 
tiel sur ab au moyen d’un rheostat, 
egalement mis en circuit de fa- 
Qon potentiometrique. Le fait que 
le galvanomefre G i est solidaire de l’appareil exclut evidemment 
1’application du dispositif dilatometrique qui comporte d’ailleurs plus 
d’une erreur (voir plus haut). 

5. Perfectionnement de la methode Saladin-Austen. — Les 
echantillons d’essai ont ordinairement la forme de petiis prismes longs 
de 40 mm, larges de 25 mm, avec un trou allant jusqu’au centre, ou 
encore celle de petits cylindres coupes iongitudinalement, avec des 
echancrures permettant d’introduire les bouts soudes des piles thermo- 
electriques. La longueur d’un tel cylindre est ordinairement de 25 mm, 
le diametre est de 15 mm. Ces formes soulevent (’objection que, par 
suite de leur irregularite, la reception et le rayonnement de la chaleur 
du four ne se font pas d’une maniere suffisamment uniforme, et que, 
d’autre part, le fixage des echantillons est assez penible. Ces incon- 
vSnients m’ont amene a choisir pour mes echantillons la forme d’une 
sphere de 11 mm de diametre. ils sort munis d’une petite manchette 
au moyen de laquelle ils se laissent engatner sur un petit tube de 
quartz par lequel passe la pile thermoelectrique allant jusqu’au centre 
de la boulette. Les tubes de quartz sont disposes dans le support de 
maniere telle que les boulettes se trouvent au centre du four eiecfri- 
que a tube. Dans la mrthode Saladin-Austen on emploie deux 
piles ihermoelectriques: l’une differentielle qui, a l’aide d’un galva- 
nometre (G x ) marque la difference de temperature des deux echan¬ 
tillons, 1’autre simple qui, au moyen du galvanometre (? 2 , enregistre la 
temperature de 1’echantillon d’essai, je les ai remplacees par une seule 
pile thermoelectrique differentielle faisant fonction de l’une et de 
l’autre. Le schema de la mise en circuit est donne dans la fig. 4. 
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Les bouts sondes des deux branches de la pile thermoelectrique sont 
figures par des piles de forces electromotrices E l et U 2 variant avec 
la temperature. 



Fig. 4. Fig. 4 a. Fig. 4 b. 


Si Ton designe par 

Gi la resistance du galvanometre differential a miroir 
G» la resistance du galvanometre thermometrique a miroir 
G .j la resistance du galvanometre thermometrique a aiguille 
o la resistance interne de chaque pile thermoelectrique (c’est-a-dire 
la resistance du platine, qui varie elle aussi avec la temperature), 
h> V> 4> 4' les intensites dans les diverses branches, 
on a suivant la loi de Kirchhoff de la derivation du courant: 

h 4" 4 — h' 4" h' 

• A o ~~ 4 Q h Q /•> (. * \ 

G.l — to &8 

li 1 = /] O 4- iq ' G-2 

E J = Vj Q 4“ to 

Jjo — 4 o 4- 4 ’ G% 4“ 4 G j 
Ko -- 4 s 4- G» 4- 4 Gi 

Les deux bouts soudes des piles thermoelectriques ayant sensible- 
ment la meme temperature (sauf dans les moments des effets thermi- 
ques de I’echantiilon etudie), on peut mettre E x — E z . On a alors pour 
I’intensite circuiant dans le galvanometre thermometrique l’equation 

• , _ EG»{2g + G,) _ __ 

1 G 3 g( S 4- G x ) + GIq( c > + G x + 2 G 8 ) + Gi G s ] 
et pour la tension aux homes 

e i ’ — h’G-2 

La deviation du galvanometre sera proportionnelle & cette expression. 
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Pour la mise en circuit fig. 4 a on a les relations suivantes: 

/.; = (g + g 2 ) 4" 

e-i" — 1-," G-2 


<Y 


Go 


Go 


pour la mise en circuit fig. 4 b les relations: 


(fou 


&s 1 
Go t " G$' 


h'" = 


Gsh'" = Ggi s '" 
i = 4 - 4 '" 

EG., 


o{G . 2 -j- ffj) -j~ Go G-,f 


EGzGs 

q{G 2 -f- G n ) + Go Go 


M 


En portant dans ces formules les valeurs connues {G 1 ~ 100 , 
Cr 2 = 800, G B = 750, s» = l) on trouve que Ie potentiel au galvano- 
metre (? 2 sera pour 


a) 

b) 

c) 


p = 0-99744 K 
e — 0*99874 E 
e = 0-99741 E 


(schema 4) 
(schema 4 a) 
(schema 4 h). 


En supposant (de maniere approximative) que la force thermo- 
electromotrice de la pile Le Chatelier (Ft — Ft Rh) a 1000° soit 
egale a 10 m V et que sa variation avec la temperature soit une 
fonction lineaire, le galvanometre indiquerait pour 

a) 997-44° 

b) 998-74° 

c) 997-41° 

11 est evident que pour la nouvelle mise en circuit (a, schema 4) 
et celle du schema 4b (c) l’ecart est pratiquement nul. 11 est plus 
sensible pour le cas b (schema 4 «) mats se laisse eliminer si le gal¬ 
vanometre G s est relie au systeme d’une maniere permanente, ce qui 
est d’ailleurs egalement n£cessaire pour la lecture de la temperature 
lore de I’etalonnage de l’appareil et iors des mesures proprement dites. 

Pour que la courbe obtenue permette une lecture facile de la tem¬ 
perature, on porte sur le meme papier (ou la m&me plaque) un re- 
seau de coordonn£es de temperature. Sur les gaivanometres on branche 
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les deux branches du pyrometre differential; au galvanometre G a ‘ on 
communique, au moyen d’une tension auxiiiaire, une deviation cor- 
respondant exactement a 100, 200, etc. jusqu’a 1000°, on reiie le gal¬ 



vanometre Gj au dispositif decrit sous 4 et on le met toujours en 
mouvement de faqon telle que le rayon traverse toute la largeur de 
la plaque. La figure 5 donne la courbe Saladin-Austin telle qu’on 
Fobtient en employant l'appareil perfectionne. 

Institut de Metallurgie et de Metallogmphie 
a I'Ecole Polytechnique tcheque de Prague 
(Tchecoslovaquie ). 

Resume. 

L’appareil enregistreur Le Chatelier-Broniewski a ete perfectionne 
dans les points suivants: Son optique a ete corrigde, ses galvano- 
metres ont ete reconstruits. Ce perfectionnement lui aconfere une 
sensibility plus grande, ce qui a permis de reduire consid£rabIement 
les dimensions des echantiilons d’essai. Le mecanisme d’horlogerie 
a ety remplace par un mecanisme electrique imprimant un mouvement 
rotatoire a l’un des galvanometres et permettant de tracer sur les cour- 
bes les coordonnees de temperature. La mise en circuit des pyrometres 
a ete modifide de maniere telle qu’un seal pyrometre (diffdrentiel) sufflt 
mdme pour la lecture de la temperature, et qui se fait sur le galvano¬ 
metre adapte au dit pyrometre. Le dispositif dilatometrique, reconnu trop 
inexact, a ete dearie. 




A CONTRIBUTION TO THE STUDY OF ELECTRO¬ 
OSMOSIS AND ELECTROLYTIC TRANSFERENCE IN 
AQUEOUS SOLUTIONS 

by j. VELISEK and A. VASICEK. 

The so-called electrolytic transference of water, due to hydration 
of ions, is closely connected with electro-osmotic phenomena, when 
membranes are used in the experiments; here the role of the electro¬ 
osmosis becomes prominent with dilution. Thus when measuring the 
electrolytic transference of water with an apparatus provided with 
a membrane, it is always necessary to take into consideration, which 
part of the whole transference is due to electrolysis and which to 
electro-osmosis. All experiments with membranes show that electro¬ 
osmosis falls rapidly off with increasing concentration and that its 
effect vanishes entirely at a definite concentration, the transference 
being then, and the more at still higher concentrations, purely elec¬ 
trolytic. It is thus important for the estimation of the electrolytic 
transference to know this limiting concentration, at which the influ¬ 
ence of electro-osmosis disappears. This concentration depends partly 
on the electrolyte, partly on the membrane used. Already from 
Remy’s measurements 1 ) made with different membranes and electro¬ 
lytes it is apparent, that with some membranes (clay, flowers of sul¬ 
phur, Zsigmondy’s membrane) the transference increases rapidly 
with increasing dilution, whereas other membranes show generally 
little electro-osmotic transference; the values are as a rule expressed 
for 1 F of electricity. To the last group belong membranes of animal 
charcoal, gelatine and parchment paper, which is used very often be¬ 
cause of its small electro-osmotic effect. 

Two methods are chiefly applied for the study of the phenomena 
of electrolytic transference and electro-osmosis and for separating 
both effects; one of them chemical, the other physical. 

The chemical method was put forward by Baborovsk^ and 
worked further out by his pupils Velfsek 2 ) and Wagner. 8 ) 
In applying it two U-vessels are used, separated by a membrane of 
parchment paper. The transport of the solution is estimated from the 
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increase or decrease in weight of that part of the apparatus which 
is closed by the membrane and from the amount of electricity passed 
through the electrolyte and measured by means of a silver volta¬ 
meter. The amount of water and of the electrolyte gained or lost 
can be determined by precise chemical analysis. It is possible to use 
this method also in experiments without a membrane and to esti¬ 
mate thus the effect of electro-osmosis. The method, which was used 
by Velisek-) in experiments on solutions of chlorides of the alkali 
metals and by Wagner 3 ) in those on hydrogen chloride solutions, 
is rather difficult and tiresome. However, the measurements can be 
on the whole, fairly well reproduced, and are in good agreement 
with the values obtained by other investigators. 

The measurements made in this manner by Velisek partly with, 
partly without a membrane are important for the study of the influ¬ 
ence of membranes on the electrolytic transport, since they show 
convincingly, at what concentration the effect of a membrane be¬ 
comes apparent i. e. that electro-osmosis occurs. The results indicate, 
that with parchment paper this effect is first apparent in solutions 
of potassium and lithium chloride at about 0 - 5 normal concentration, 
in solutions of sodium chloride at a somewhat greater concentration. 
Thus in more concentrated solutions the parchment paper membrane 
may be used without having any disturbing effect on the electrolytic 
transport studied. 

The physical method of Remy and Hepburn estimates the 
transference from changes of volume either by observing the menisci 
in two capillaries, one of which closes the anode, the other the ka¬ 
thode part of the apparatus — which parts are separated by a mem¬ 
brane —, or a capillary tube connects directly both parts of the appa¬ 
ratus and the transference is measured by observing a moving bubble 
within the capillary. The first modification of the method was used 
by Remy, 1 ) the other one by Hepburn 4 ) and by Fairbrother 
and Mastin. 5 ) The differentiation of electro-osmosis from the elec¬ 
trolytic transport is effected by dividing the current into two parts, 
as the electro-osmotic transference in solution is always connected 
with an increase of the voltaic current as given by Ohm’s law. 

If E denotes the membrane potential, I the measured current and 
X the conductance of the solution in the membrane, then — sup¬ 
posing that the effect of electro-osmosis is negligible — it follows 
from Ohm’s law 


(l) 
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where is a constant depending only on the membrane. In solu¬ 
tions, where electro-osmosis already occurs, the measured current is 
greater than that calculated from equation (1), because a surface 
current (displacement current) is added to the voltaic current. Deno¬ 
ting the voltaic current by i ?and the surface current by 4, we have 




i_ 

x 



( 2 ) 


and knowing the total measured current, I, we may determine the 
surface current from the relation 


I — : iq “I - i ip . 

Thus a physical method is given for differentiating both currents 
from each other. For, if iq— I, then 4=0, the effect of electro¬ 
osmosis vanishes and only the electrolytic transport remains to be 
considered. 

Also the method of adding a non-electrolyte deserves to be men¬ 
tioned, which was proposed by N ernst and worked out especially 
by O. Buchbock 8 ) and E. Washburn. 7 ) As no membrane is 
used, the electrolytic transport is not complicated by electro-osmosis, 
but difficulties of another kind arise here. 

In this laboratory measurements were made by the physical me¬ 
thod with solutions of potassium chloride using a kaolin membrane 
which shows typical electro-osmosis. The results of this work were 
published elsewhere. 8 ) To appreciate both methods, the chemical of 
Baborovsk^ and the physical of Remy and Hepburn, we think 
it worth of mentioning that with a kaolin membrane the electro¬ 
osmosis appears negligible already at a concentration of about 
0‘25 normal, as may be seen from the fables (1. c.). Comparing the 
transference found in using the kaolin membrane (recalculated for 
1 F) with the values measured by VeliSek 2 ) with the same solu¬ 
tion of potassium chloride, with and without a membrane of parch¬ 
ment paper, we must conclude, that the effect of electro-osmosis 
becomes apparent already at higher concentrations. However, in this 
comparison we must be careful, because in our instance the changes 
concern volume (physical method), whereas in Velisek’s measure¬ 
ments they concern weight (chemical method) and the volume chan¬ 
ges must be deduced from them. The reason, why we can ascertain 
the effect of electro-osmosis by the method of dividing the current 
only in more diluted solutions, is this: When calculating the vol- 


8 
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taic current, !,, we must know the conductance, of the solu¬ 
tion in the membrane. This conductance must be determined 
separately by means of auxiliary electrodes in the immediate neigh¬ 
bourhood of the membrane; now the determination of the resistance 
capacity in the apparatus is affected by an error of about 1 °/ 0 and 
thus the conductances, as well as the voltaic current, i q , cannot be 
calculated with a greater precision. As long as the surface current 
amounts only to 1°, 0 of the whole current, we cannot estimate it, 
because its value is of the same order as the experimental error. The 
transference is far more sensitive to the influence of electro-osmosis, 
and therefore we can detect its existence from the transference at 
greater concentrations than by means of dividing the current. 

Comparing both methods we may conclude, that the physical 
method is quicker and plainer, but not so accurate as the chemical 
one. A drawback of the physical method is, that it does not allow 
to determine, how much of the total transference is due to the elec¬ 
trolyte and how much to the water, which is possible by the che¬ 
mical method. 

Hepburn 4 ) investigated copper sulphate solutions with a mem¬ 
brane of powdered glass. His results show, that already in 0'005 
normal and more concentrated solutions the influence of electro¬ 
osmosis cannot be detected by the method of dividing the current. 

A control of the chemical method by measurements made by the 
physical method using a membrane of parchment paper had little 
success as yet, as it is necessary to use small currents, which be¬ 
came evident in preliminary experiments. Thus the transport is small 
and the movement of the bubble slow, which causes a considerable 
inaccuracy of the measurement. The division of the current into two 
parts, which we intend to make also for a membrane of parchment 
paper, would involve no experimental difficulties. It seems, however, 
that the physical method is not so adaptable in this instance as the 
chemical one, which has at its disposal a very sensitive instrument — 
the analytical balance — to measure the transport. This study is now 
under investigation and its results will be published later on. 

Received Dec. 30th, 1930. Physical Laboratory of the Chemical 
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ETUDES MEKCURIMfiTRIQUES 
par O. TOMl'CEK et O. PROCKE. 

En 1915, E. Votocek trouva dans le nitroprussiate de sodium 
[Na 2 Fe(CN) 6 NO. 2 HJ)\ un excellent indicateur permettant d’employer 
ies sels mercuriques fortement dissocies (notamment l’azotate mer- 
curique) au titrage de l’ion chlore, de l’ion brome et de maniere 
indirecte encore des ions cyanogene et nitroprussique. Dans une serie 
de travaux 1 ) ii a elabore toutes ces methodes de titrage au moyen 
de nitroprussiate de sodium comme indicateur. 

L’ion iode, donnant avec l’azotate mercurique des sels complexes 
qui, par suite de leur peu de solubilite, precipitent dans la solution, 
ne se laisse evidemment point doser par le titrage en question. 

L’utilisation de Lion nitroprussique est base sur sa propriety de 
former avec 1’ion mercurique le nitroprussiate mercurique tres peu 
soluble dans l’eau et dans les acides, et dont le produit de solubility 
est evidemment plus grand que les constantes de dissociation des 
halogenures de mercure. Si done une solution aqueuse renfermant 
les ions chlore et nitroprussique est mis en presence d’azotate mer¬ 
curique, il se produit d’abord Phalogenure mercurique faiblement dis- 
socie, et seulement apres l’achevement de cette combinaison il se forme, 
par un certain exces d’azotate mercurique, un trouble ou un precipite 
de nitroprussiate mercurique. 

En ce qui concerne la solubilite du nitroprussiate mercurique, la 
literature ne foumit aucune indication. Sa valeur approximative se 
laisse calculer en partant des observations dues a E. VotoCek (1. c.) 
et J. M. Kolthoff et A. Bak. 2 ) D'apres ces auteurs, une solution 
aqueuse de nitroprussiate de sodium renfermant 5 mgr par litre (soit 
l - 68. l(f- 10 mols par litre) donne A la temperature du laboratoire un 
trouble juste perceptible, si a 100 cc. de liqueur on ajoute CK)5 cc. 
d’azotate mercurique 2V/10, e’est-a-dire a la concentration 2*5.10 -10 
molaire de ce sel par litre. Ces valeurs qui ont d’ailleurs ete con¬ 
firmees par nos propres experiences executees de maniere diff£rente 
(voir plus bas), permettent de conclure que la solubility molaire dans 
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l’eau du nitroprussiate mercurique (caiculee pour ie sel anhydre) ne 
saurait depasser 2.10-"’. Le degre de dissociation du nitroprussiate 
mercurique est iui aussi inconnu. On peui toutefois admetire qtfii 
est assez eleve. En supposant ceia on peut conclure que le produit 
de solubilite du nitroprussiate mercurique esi inferieur a 10~ s . 

Lorsque ie liquide reactionnel contient encore des halogenures 
mercuriques ires peu dissocies (par exemple Hr/Cl, ou J-hfBr.,), 
^augmentation de la solubilite se laisse aisemeni expliquer. Une certaine 
partie des ions H<j" ajoutes en exces passe en effet. sous Faction 
des halogdnures mercuriques, a l’etat de complexe, et le produit de 
solubilite n’est atteint que plus tard. Cela a evidemmeni pour suite 
que le trouble indiquant la fin du titrage visuel subit un retard, ainsi 
que cela a ete observe par les auteurs cites plus haut (1. c.). Ces 
auteurs ont egalement etabli quel est l’exces d’azotate mercurique 
a ajouter, en presence de chlorure, bromure ou cyanure mercurique, 
pour qu’il se produise le premier trouble. Leurs essais ont eu pour 
resultat l’introduction de corrections qui dependent de la quantite de 
l’halogenure mercurique present et du volume total du liquide resultant 
lors du titrage. Ces corrections figurent sous forme de tableaux dans 
le livre de Kolthoff. 8 ) 

L'analyse mathematique des reactions qui ont lieu dans le titrage 
au nitroprussiate est fort difficile, d’une part, parce que nous ignorons 
presque tout du degre de dissociation de quelques-uns des corps en 
jeu, d’autre part, parce qu’on ne sait meme pas exactement quels 
sont les complexes formes. 11 est toutefois peu probable que les re¬ 
actions qui sont a la base des titrages ci-dessus soient compliquees 
par des reactions secondaires au point de ne pas s’accomplir de 
maniere quantitative. L’idee s’impose plutot que la reaction propre- 
ment dite se passe de maniere normale, et que ce n’est apres Ie point 
d’equivalence qu’interviennent les phenomenes mentionn€es, qui, de- 
cisifs pour le resultat du titrage visuel, n’influent nullement l’etablis- 
sement de l’6quivalence lorsqu’on opere par voie potentiometrique. 

Le titrage potentiometrique des halogenures par l’azotate mercu- 
reux au moyen de PElectrode de mercure indicatrice a 6te etudie par 
W. D. Treadwell et L. Weiss, 4 ) plus tard par I. M. Kolthoff 
et E. J. A. Verzyl. 6 ) 

Ces auteurs ont constate que la meihode permet de titrer exac¬ 
tement les chlorures et les bromures. Dans des conditions analogues, 
E. Muller et H. Aarflot 6 ) ont tittles chlorures, les bromures et 
les iodures au moyen du perchlorate mercurique. Parmi les sels de 
mercure bivalent, seul le chlorure mercurique a £te employ^ par 1. M. 



Kolthoff et E. j. A, Verzyl (I. c.) comme reactif permettant un 
dosage tres exact des iodures nterne aux dilutions ires fortes. 

II nous a para interessant d’etudier ie titrage des ions haiogene 
et autres an moyen de razotate mercurique d’une part pour eclaircir 
le mecanisme de la reaction principaie, d’autre part, pour poursuivre 
les phenomenes qu’on observe lors du titrage visuel. Les remarques 
relatives aux faits observes par nous font 1’objet de ia presente 
communication. 


Partie expErimenlale. 

1. Les mesures ont ete effectuees en employ ant une toile en 
platine recouverie electroSytiquement de mercure et faisant fonction 
d’Electrode de mercure indicatrice. Les autres details de la disposition 
sont ceux decrits dans une communication anferieure de Fun de 
nous. 7 ) 

La liqueur servant au titrage etait constitute par une solution 
¥ Oi d’azotate mercurique, prepare a parlir de 1’oxyde de mercure 
pur. On dissolvait approximativement le poids Equivalent de cet oxyde 
(10-85 gr) dans de i'acide azotique pur exempt de chlorures, et l’on 
completait la liqueur a 1 litre. L’acide azotique etait sensiblement de 
normaiite 0'4. Le titre de la liqueur etait exactemenf Efabli, d’une part, 
par titrage direct au rhodanure d’ammonium rapporte au mercure 
purifie par distillaiion, d’autre part, au moyen de la methode Deniges 
modifiee decrile dans ce journal par O. Procke. 8 ) 

La solution Nj\0 de chlorure de sodium a ete preparee par dis¬ 
solution du poids Equivalent (5-8454 gr) de NaCl pur fondu et dilution 
au volume de 1 litre. — Les autres liqueurs (bromure, iodure, cyanure 
de potassium, rhodanure d’ammonium) ont ete preparees de concentra¬ 
tion approxi mativement 2V/10, et leurs titres ont ete contrdlEs potentio- 
mEtriquement par une solution A T /10 d’azotate d’argent correspondant 
& la liqueur dej& mention nee d eNaCl N/10. Une des solutions d’iodure 
a EtE prEparee a partir d’un iode tout-a-fait exempt de brome. Pour 
obtenir la solution de nitroprussiate, 29-791 gr de sel pur dihydrate 
(»pro analysis) ont ete ramenEs a 1 litre. Bien que cette solution 
fut, en flacon clos et a Fabri de la lumiere, de conservation satis- 
faisante (d’un mois environ), elle a Ete renouvellee pour chaque sErie 
d’essai. 

Les autres rEactifs Etaient de purete habituelle, suffisante pour 
nos recherches. Les vases titrimetriques employes ont tous EtE jauges 
avant 1’emploL 
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2. Essais relatifs a la soiubilite du nitropr us slate ■ 

mercurique. 

!ls oni ete effectues de maniere differeme de eei!e employee par 
les auteurs anterieurs. En effet, au lieu d'aiouter par gcuttes une 
solution assez concentree (Ni 10) d’azotate mercurique an liquids 
renfermant un exces de nitroprussiate, ce qui peut determiner tin 
etat de sursaturation au voisinage de chaque gouite, nous avons 
opere de la maniere suivante: En ajoutant a une quantity convenabie 
d’eau distillee des quantites differenies de 1’un et 1’autre react!t en 
solutions 7iooo molaires, nous atteignions les concentrations indiquees 
plus bas, apres quoi nous etablissions la concentration et le temps 
necessaire pour la production du trouble ou du precipite. Les essais 
en question se irouvent rassembles dans le tableau I. 






Tableau I. 


c 

2 

cL 


r (‘W 

0001/ 

!> 

ip 

Concentration 
m o I e c. 

Note 

X 

w 


V 

*«*«* 

\w\ 

[JWC.Vfc.VC/1" 

1. 

8*25 

1*0 

0*75 

1 X 10-4 

7-5X10-5 

I Trouble microcristallin apres 
{ 30 min, Pins tard precipite. 

2. 

7*25 

2*0 

0*75 

2 X 10—* 

7-5 X 10-5 


3, 

7*50 

2*0 

0*50 

"ef 

f 

© 

X 

5 X 10-’ 

j Aprfe 30 min. trouble tr^s 
faible; les cristaux adh&rent 







| atix parols. 

4. 

7*75 

2*0 

0‘25 

2X10-4 

2-5X10-5 

| M£me trouble settlement 
{ apr&s 60 min. 

5. 

8*75 

1*0 

0*25 

\ 

o 

T-* 

X 

2*5 X 10-5 

Essai ind^cis. 

6. 

8*25 

0*75 

1*0 

7-5X10-5 

1 X 10-4 

1 Trouble microcristallin apr&s 
| 30 min., plus tard precipite. 

7. 

7*25 

0*75 

2*0 

7-5X10-5 

2X10-4 


8. 

7*50 

0*50 

2*0 

5X10-5 

2 X 10— 4 

| M£me trouble apres 60 min. 

| Plus tard precipite. 

9. 

7*75 

0*25 

2*0 

2-5 X 10-5 

2X 10-* 

Essai Meets. 

10 

8*75 

0*25 

ID 

2-5X10-5 

1X10-4 

Pas de trouble. 


11 resulte de ces essais que la solubility molaire du nitroprussiate 
mercurique est inferieure a 5.10~ 5 , ce qui n’est point en dysaccord 
avec les resultats des auteurs cit^s plus haut, surtout si 1’on tient 
compte du mode operatoire adopte icL 

Ajoutons qu’il a yte impossible de determiner la solubility du sel 
de la maniere habituelle, c’est-^-dire par agitation avec de I’eau, fil- 
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tration et dosage ulterieur du mercure et du fer (et par ceia du nitro- 
prussiaie mercurique entre en solution) dans le iiquide fiitre. En effet, 
meme lorsqu'on opere a la temperature ordinaire, on observe une 
decomposition sensible du nitroprussiate avec formation de cyanure 
de mercure. Le Iiquide renfermait regulierement plus de mercure 
(sensiblement le double) que ne repondait au fer trouve, et mfeme 
la proportion de ce dernier depassait celle qui pouvait repondre 
a la solubilife reelle du nitroprussiate mercurique. — Le nitroprussiate 
mercurique employe dans ces essais a ete prepare soigneusement 
par melange de solutions d’azofate mercurique et nitroprussiate de 
sodium en proportion theorique. Le precipite obtenu a ete plusieurs 
fois lave par decantation, puis essore et seche a 20° dans le vide 
sur du chlorure de calcium. 

3. Titrage potentiometrique au moyen de l’azotate 

mercurique. 

Sauf indication contraire, les titrages ont ete operes de la faqon 
suivante: A 20 cc. de la solution a titrer, dilues par 150 cc. d’eau, on 
versait, en agitant eiectriquement, la solution de Hr/(N0 S ) 2 sensi¬ 
blement N/m. La connexion conductrice avec I’electrode de calomel 
saturee a ete realisee par un siphon toujours fraichement rempli d’une 
solution & 5% d’azotate d’ammonium. 

La marche des titrages des ions Gl\ Br\ V et (SCN)’ est tout 
& fait normale. Dans les deux premiers cas, le Iiquide reste limpide 
pendant toute Fexperience. Lors du titrage de l’ion rhodanique il se 
separe, ordinairement vers la fin de I’experience, un precipite cristallin 
de rhodanure mercurique. Dans le cas de Pion iode, le Iiquide se 
trouble et separe un precipite cristallin rouge mais qui ne gene point 
le titrage. Dans tous les cas, les potentiels se stabilisent regulierement 
et rapidemenf, le saut de potentiel, indiquant la fin de la reaction, 
apparait exactemeni apres I’introducfion de la quantity equivalente 
d’azotate mercurique. Ce saut de potentiel est relativement petit pour 
les chlorures, plus grand pour les bromures et les rhodanures, le 
plus £leve pour les iodures, ce qui s’accorde avec le degre de com¬ 
plexity des produits formes. La presence de bromures dans les so¬ 
lutions d’iodures determine un elargissement du maximum ou mfime 
l’apparition de deux maxima, par analogie avec les observations faites 
par I’un de nous lors du titrage a 1’azotate d’argent des iodures du 
commerce. Le prycipite rouge est pulvyrulent, sans caractere colloidal, 
et beaucoup moins volumineux que 1’iodure d’argent, ce qui prouve 
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Tableau 11. 


Essai 

No 

Solution 

A/10 

''*‘ 9 

HJJ 

Consom nia- 
tion de 
ff*j(XO r }>Xj\Q 





en <t. 

1. ■ 

XuU 

20‘0 

160 

19*9$ 

20*00 

2. 

XitCi 

40*0 

120 

39-% 

40*02 

3. 

Xa(J 

20-0 

130 

19*98 

20*04 ~~ 

4. 

K fit* 

20*0 

160 

20*05 

19*95 

5. 

XI 

20'0 

160 

19*97 

20-00 

6. 

El 

40*0 

120 

39*95 

39*97 

7, 

xh % j:ns 

20-0 

160 

19*96 

19*98 

8. 

Xu,Fe(CN) f) X(K 
2 E/J 

20*0 

160 

20*02 

20*05 

9. 


40*0 

120 

39*95 

40*02 

10. 


20*0 

130 

20*02 

19*96 ~ 

11. 

NaCl-r 

Xa i Fe(CX) 1i X0 

to 20*0 
h } 20*0 

120 

u.i 19*95 
h 19*98 

12. 


tij 20 0 

h) 20*0 

120 

a) 20*05 
/>) 19*93 


une fois de plus que (’extension du maximum dans les tifrages des 
iodures, qui se produit meme en operant avec toutes les precautions, 
n’est point due a des phenomenes d’adsorption (1. c. 7 ), mais a la 
presence de bromure. 

Le titrage des iodures en presence de bromures et surtout de 
chlorures se laisse effectuer dans les mSmes conditions que le titrage 
de ces corps au moyen de l’azotate d’argent. De meme on peut iitrer 
les chlorures a c6te des bromures, les chlorures a cote des rhodanures. 

Le titrage des cyanures est gene par leur reaction alcaline, car le 
potentiel de l’electrode k mercure est fortement influence par la con¬ 
centration en ions hydrogene et qui, au cours de Fexpgrience, vane 
entre des limites tres larges. Outre cela, en milieu acide, Fagitation 
du liquide titre produit des pertes d’acide cyanhydrique. Pour obtenir 
un titrage ne presentant qu’un seul maximum [correspondant a la 
formation de Hr/(CN) 2 ], il faut, apres un essai prealable, ajouter d’un 
seul coup la plus grande partie de Fazotate mercurique au liquide 
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Exp. No 1. 

Exp. No 8. 

1%) 

O 

o 

-. de 1Y«< 7 Nj\0 - 160 «•. 
de 1-LJ). 

20-0 ee. de Fa. z Fe{ON) 5 NO. 

2 H,0 X/10 4- 160 cc. de Zi 2 0. 

it o:. 

BfliXO 

tie ^ •" t f .f ff 

:) £ .V/10 millivolts 

a t’c. de x i ,'j a 

//^j;VOJ 2 A r /10 millivolts 


0 

19-0 

— 150 

420 

40 

0 

15*0 

19*0 

4-280 

376 

407 

10-40 

431 

45 

19*50 

410 

1W.1 

445 

55 

19*70 

412 

20 

19-50 

456 

140 

19*80 

414 

20 

19*90 

470 

ISO 

19*90 

416 

80 

19-95 

479 

380 

19*95 

420 

120 

20-00 

49$ 

240 

20*00 

426 

180 

20-05 

510 

m 

20*03 

435 

80 

20-10 

518 

80 

20*10 

439 

70 

20-20 

526 


20*20 

446 

21’0 

532 


21*0 

480 

Maximum: 

19*98 de Ug(NO ? ) , -V/10* Maximum 

: 20*02 tv de lhj(N0 ? ) 2 M/10. 

maintenu 

sensiblement 

acide, 

puis terminer 

le titrage par queiques 

demieres gouttes jusqu'a Fobtention du saut de potentiel. Le liquide 


reste limpide pendant toute la determination, et le saut de potentiel 
repond par sa position et sa valeur a celui observe pour les bromures 
et les chlorines. 


Nous avons, en outre, reconnu que 1’ion nitroprussique se laisse 
lui aussi titrer de maniere direcie, soit seul, soit en presence des ions 
cites plus haut. Le saut de potentiel est relativement faible au point 
d’£quivalence. Le liquide titre devient trouble par le nitroprusside 
mercurique colloidal, et fait deposer un precipite rose brun amorphe. 

Le tableau 11 p. 121 donne quelques-uns des nos nombreux 
titrages. Nous y avons joint les donnees num£riques illustrant Failure 
du titrage des chlorures, du nitroprussiate et de leur melange, et 
faisant ressortir la position et la valeur des maxima observes. 

On voit que dans les conditions indiquees ci-dessus, c’est-^-dire 
lorsque la concentration en acide azotique k la fin du titrage est en¬ 
viron If 0*04 et qu’on opere avec une electrode de calomel saturee, 
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Exp. No 12. 


201) a 

de NaCl X 

O 

6 

r* 

o 

-r 55 "* 

de Na^FtiVN'i 

1t ,2 l]rjj 

i j- iu 



--140 cc. 

de EM. 



’a cc. de 7t 

J Tt'fA a 

a *r. de 

_ 



N/ 10 millivolts 

JMXO r UN>W 

millivolt* 


0 

160 


21*0 

495 


19*0 

420 


30*0 

SCO 





35*0 

5CI2 


19*50 

430 

50 

39*0 

510 


19*70 

440 

39*50 

514 




60 



20 

19*90 

452 

90 

39*70 

518 

40 

20*00 

461 

190 

39*90 

526 

140 

20*10 

480 

60 

40*00 

- 540 

100 

20*20 

486 

60 

40*10 

550 

50 

20*30 

492 


40*30 

560 


20*50 

495 


41*0 

564 



Premier maximum (pour NaCl ); 20 05 cc. de Hy{N0„) ,-V/lO 
Second •- : 3998 » 

iVa,Fe(6’iV) s A'0:'l9-93 * * 


le saui de poteniiel varie entre -j- 440 et -j- 500 millivolts pour les 
chlorures, entre -)- 300 et -f- 500 millivolts pour les bromures, les 
rhodanures et les cyanures, entre -f 100 et -f 500 millivolts pour les 
iodures. Les titrages se laissent effectuer tout aussi bien en milieu 
plus fortement aciduie (le mieux par HNO s ). Les potentiels sont ici 
un peu plus eleves. 

Le dosage inverse, c’est-a-dire le titrage potentiomdtrique des ions 
Eg" au moyen de l’electrode a mercure et l’un quelconque des sels 
mentionnes plus haut ne donne pas de resultats exacts, car il se 
complique par la reduction du sel mercurique en set mercureux. 
Toutefois, ce danger n’entre pas en ligne de compte si Ton a soin 
d’agiter £nergiquement le liquide titre avant qu’on atteigne le maximum. 
Ce maximum une fois atteint, la reduction eventuelle est evidemment 
sans influence. 

4. Pour etudier par voie physico-chimique 1’allure des titrages 
visuels, nous ajoutions au liquide titre renfermant le chlorure, le bro- 
mure, le rhodanure ou le cyanure, et prfsentant une acidite variable, 
des quantites connues de nitroprussiate de sodium correspondant au 



124 


concentrations recommandees par E, Votocek (i. c.). Dans ious Ies 
cas nous avons constate que ie maximum de la variation de potentiel 
coincidait pratiquement avec le point d’equivaience du titrage. A partir 
de ce point c'est le nitroprussiate que i’on titre, sans toutefois obtenir 
immediatemeni de trouble. Ce dernier n’apparait qu’apres l’addition 
de quelques gouttes ulierieures d’azotate mercurique. Le volume de 
ce petit exces necessaire pour obtenir un trouble perceptible s’accorde 
pratiquement avec les observations des auteurs cites (1. c.). 

Ainsi lorsqu’on titrait 2O0 cc. de chlorure de sodium Nj 10 et 160 cc. 
d’eau additionnes de 0*1 gr de nitroprussiate de sodium, ce dernier 
ajouie indifferemment au debut du titrage ou apres l’obtention du 
maximum, un trouble perceptible n’apparaissait qu’apres addition d’un 
exces de 0 - 3 a 04 cc. d'azotate mercurique JV/IO. Toutes conditions 
egales d’ailleurs, cet exces s’evaluait a 0’2 cc. pour le cyanure, chez 
le bromure et le rhodanure il etait le meme que pour le chlorure. 
Dans tous les cas il a ete possible de titrer la totaiite du nitroprussiate 
present, ce qui etait mis en evidence par un nouveau maximum, faible 
mais net. L’allure d’une telle determination est donnee approximati- 
vement par les chiffres de I’experience 12. 

Nos essais confirment done completement les suppositions emises 
plus haui sur la raison du retard qu’on observe dans le titrage visuel 
des anions en question. 

En nous basant sur Pexperience acquise lors du titrage potenbo¬ 
rn efrique de l’ion nitroprussique par l’azotate mercurique, nous avons 
essay£ d’appliquer au dlt titrage l’azotate mercureux. Les resultats 
obtenus n’etaient toutefois pas satisfaisants, ni en milieu faiblement 
acide, ni en milieu fortement aciduie. Des essais ulterieurs avec 
d’autres metaux nous ont toutefois appris que Pazotate d’argent par ex. 
permet de titrer l’ion nitroprussique avec beaucoup de precision. Le 
saut de potentiel est ici plus prononce que dans le titrage au moyen 
de Pazotate mercurique. 

Nous nous reservons l’application de ces observations pour une 
communication ulterieure. 

Qu’il nous soit permis de remercier ici le professeur Votoiek 
de nous avoir cede Petude physico-chimique du titrage mercurim£tri- 
que au nitroprussiate. 


Institut de Chimie analytique 
de FUniversite Charles d. Prague 
(Tchecoslovaquie). 
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POLAROGRAPHIC STUDIES WITH THE DROPPING 
MERCURY KATHODE. — PART XVIL — THE REDUCTION 
OF NITRIC OXIDE AND THE ESTIMATION OF NITRITES 

by ]. HEYROVSKt and V. NEJEDLY. 

Neutral or alkaline solutions containing nitrites do not show, 
when examined polarographically, any electro-reduction at the drop¬ 
ping mercury kathode except that due to the electro-deposition of 
the alkali metal. In this respect solutions of nitrites behave like those 
of chlorates, perchlorates, sulphites and nitrates, in which the current- 
voltage curves coincide with those obtained in solutions of sulphates 
or halogenides. However, a slight acidulation of a nitrite solution 
causes on the current-voltage curve the appearance of a “wave” 
at — 0'77 v. from the potential of the normal calomel electrode, the 
height of which increases with the amount of acid added and in 
excess of the acid remains constant, depending only on the amount 
of nitrite. Polarograms 1 and 2 illustrate this behaviour. 



Polarogram 1. 


Polarogram 1 is due to a O'Ol n. NaN0 2 solution from which 
air has been driven out by hydrogen. The lowest curve, obtained 
with 1 / 2 sensitivity, shows that the solution was free from traces of 





eiectro-reduciblesubstances.(Thespecimen was Merck's “proanaiysi”). 
Next, to 20 ccs of this nitrite solution one drop of 0T n. HOI has 
been added (all in the atmosphere of hydrogen) so that the concen¬ 
tration of hydrions was about i/4000 n. 

The increase of current at the kathodic potential of — 077 v. 
indicates a new electro-reduction which cannot be due to evolution 
of hydrogen, since this would occur, considering the present con¬ 
centration of hydrions, at —T4 v. The evolution of hydrogen does not 
take place until we add to the solution an excess of hydrions to be at 
least 5 times more concentrated than the nitrite (the concentration 
being expressed in gram-molecules). This is shown in polarogram 2. 



Here 0‘05 n. H 3 S0i has been added from a burrette to 20 ccs of 
0’0025 m. NaNOa solution in 0‘1 n. Li^SOi. When 3"0 ccs were 
added, the curve showed only the “wave” at —076 v. besides one 
at — T9 v. evidently due to the deposition of sodium ; the increase of 
current at —2-2 v. is caused by the deposition of lithium. However, 
after an addition of 6T ccs of the acid the “wave” at —076 v. 
reaches its maximal height and the evolution of hydrogen is distinctly 
observable from the “wave” at the potential of about — T4 v. Further 
additions of the acid i ncrease merely the “hydrogen wave” at— T4 v., 
the “nitrite wave” at — 0 76 decreasing slightly owing to the dilution 
of the solution when 11 ccs of the acid were added. 

This behaviour resembles closely that observed in the electro- 
reduction of sulphites in the presence of acids*) and becomes at 
once obvious when explained in the same manner. The acid libe- 

*) B. Qosman: Collection, 1930, 2, 185. 


rates in the nitrite solution free unionized nitrous acid, which de¬ 
composes according to the known equations: 

3 N«N0. 2 + 3 HOI — 3 HNO, + 3 NaCl 

3 HN0. 2 — 2 NO + HNO„ + H 2 0... (1) 

Neither the nitrite nor the nitrate anion is reducible at kathodic 
potentials less negative than — 16 v., consequently the “wave” at 

— 076 v. must be due to the reduction of the liberated nitric oxide. 
That this is really so has been shown by the following experiments: 

1. Prolonged bubbling of hydrogen through an acidulated solution 
of nitrite causes a decrease of the “wave” at —076 v. and, finally;, 
after passing hydrogen for ca. 12 hours, its complete disappearance. 

2. An alkaline solution, through which hydrogen was bubbled 
after passing first through the acidic nitrite solution, shows after aci- 
dulation again the “nitrite wave” on the current-voltage curve. 

3. Pure nitrogen peroxide (prepared by heating lead nitrate) added 
to an acidic solution causes the appearance of the same “wave” at 

— 076 as observed in acidified nitrites. 

The latter reaction is, of course: 

2 NO, -j- HJ) —*■ HN0 2 + UNO, and again 

3 HNO, — 2 NO + HNO s + 11,0 . 

The absence of the “hydrogen wave” in weakly acidified nitrite 
solutions is, no doubt, due to the process of electro-reduction of nitric 
oxide, which proceeds at the expense of hydrions. Molecules of nitric 
oxide are incapable of direct electro-reduction and can only be reduced 
by hydrogen atoms in “nascent state”. This happens at the potential 

076 to —0*77 v., where NO acts as a depolarizer. The process is 
thus not a primary reversible electro-reduction but a secondary re¬ 
duction by means of the deposited atomic hydrogen. 

The products of this reduction might be manifold: 

NO + H —*■ 1 l%N 2 0 . H z 0 (hyponitrous acid) 
NO ~\~2H —► l / z N 2 -f H z O (nitrogen) 

NO “H 3 H -*■ NH Z . OH (hydroxylamine) 

NO -j- 4 H —*• Va NH% .NH Z -f- H z O (hydrazine) 

NO + 5 H -* NH S 4- H,0 (ammonia) 

The first reduction process proceeds thus at the expense of the 
hydrions and consequently the “hydrogen wave” does not appear 
on the curve until full number of hydrions, requisite for the reduction 
of each molecule of NO is reached. 
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We can obtain this number from the concentration of hydrions ne¬ 
cessary to effect the appearance of the “hydrogen wave” on the polaro- 
graphic curve as shown in the polarogram 2. Here when 3 ccs were added 
to 20 ccs of the nitrite solution the initial concentration of hydrions 
was 0‘0065n.; yet the reaction with the 00025 m. nitrite caused — 
according to (1) — a loss of 2 / s . 00025 gr-eq. of hydrions. The re¬ 
sulting concentration of hydrions, i. e. 00049 n., does not, evidently, 
suffice for a complete reduction of the nitric oxide which is present 
in a concentration = ' 2 / 8 .00025 m. = 00016 gram-molecules NO per 
litre. However, when 6T ccs of the acid are added, the following 
figures are obtained: concentration of hydrions = 0010 n., concen¬ 
tration of nitric oxide = 0 0013 m., i. e. there are more than 7 hy¬ 
drions for each molecule of nitric oxide when free hydrions begin 
to be deposited at the deposition potential of hydrogen (— T4 v.). 
Closer observations of this excess amount give 6 or 5 hydrions for 
one NO. 



Thus the probable number of hydrogen atoms which reduce 
a molecule of nitric oxide is five. Hence the electrode process is: 

5© + 5flT -*• 5H 

NO + 5H — H z 0 + NH s . 

The process of reduction of 1 mole of NO requires thus 5 fara- 
days of electricity. That this is so is shown from the comparison 
of the saturation currents (“waves”) on a curve due to a solution 
containing an equal number of monovalent reducible kations, TT, as 
well as molecules of NO. 


9 
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Polarogram 3 gives an example of this investigation. The solution 
electrolyzed contained 0-0011 moles NO and 0D010 ^r-ions Tl+ per 
litre. The saturation currents are known to depend — at the same 
rate of dropping of mercury — on the diffusion velocity of the re¬ 
ducible particles and on the number of faradays they consume per 
gram-particle. Since the volumes of NO and are practically equal, 
their rate of diffusion may be regarded as identical, and hence the 
heights of the saturation currents (“waves”) should be in the ratio 
of faradays consumed per gram-particle. This ratio is almost exactly 
equal 1:5, indicating again that when 1 ion of Tl+ requires one 
negative charge to be deposited, one molecule of NO requires five 
charges to be reduced, i. e. five atoms of hydrogen to yield ammonia. 

In the acidic solution ammonia forms instantly with the present 
acid the ammonium salt, which again should be electro-deposited at 
its reduction potential. 

The "deposition potential" of ammonia, at —1*76 v. is close to 
that of sodium, at —1*84 v. Therefore a "wave" should appear on 
the polarographic curve of solutions containing nitric oxide, which 
would show simultaneous electrodeposition of ammonium and sodium 
at ca. — 1-8 v. (when maximal sensitivity is applied). 

Indeed the dimension of the "wave" at — T9 v. (see polarogram 2.) 
seems to indicate that this really happens. At the concentration 
0*0013 m. of the nitric oxide the concentration of sodium ions must 
be — according (1) — ®/ 2 X 0-0013 — 0 0020 n., the concentration of 
ammonia formed by reduction, being equal to that of nitric oxide, is 
0-0013 n. If no ammonium were deposited, the saturation currents 
due to NO and Na should be in the ratio 5 X 0-0013:0 0020 = 65:20; 
with the formation of ammonia, in the ratio 65:33. The observed 
ratio is 22:10 = 66:30 which is decidedly nearer to the ratio expected 
when the final reduction product is ammonia. 

The solutions used in these investigations were checked by. titra¬ 
tion, the nitrites by permanganate and the acids by standard baryta. 

Next, the shifts of the reduction potential of nitric oxide were 
determined by increasing the amount of nitrite in a fairly acidic solu¬ 
tion (0 - l n.HCl) and, on the other hand, by increasing the concen¬ 
tration of hydrions in a solution with a constant amount of nitrite. 
These investigations have shown that a ten-fold increase of the con¬ 
centration of hydrions causes the reduction potential to be more 
positive by ca 50 millivolts. However, the shifts due to the increase 
of the nitrite content were small and indistinct (see polarogram 4. c). 
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Estimation of nitrous acid and nitrites. 

Polarogram A. a) also shows that nitrites might be quantitatively 
estimated in small traces judging from the height of the ”wave“ 
they cause in a fairly acidic solution. Already an addition of 0'15 cc 
of 0-0025 n. NaNOz added to 30 as of 0-1 n. HOI (i. e. 1*2 X 10~ 5 n. 
HaNOz) produces an effect on the curve distinctly visible when Vi* 
of the possible sensitivity of the galvanometer is applied. The height 
of the ’’nitrite wave" is proportional to the amount of nitrite present 
(see polarogram A.b). 



Polarogram 4. 


This induced the present authors to attempt to estimate traces of 
nitrous acid or nitrites in explosives, where such impurities are sup-t 
posed to cause instability. 



Polarogram 5. 


9 ' 
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For this purpose ca. 1 gram of pure nitrocellulose or gun-powder 
was suspended in 100 ccs of a ca. 0*1 n. alkali hydroxide solution and 
some part of it introduced into the electrolyzing vessel. Hydrogen 
was then passed through the solution for several hours and after 
all air has been expelled, the solution electrolyzed with the usual 
polarographic arrangement. Thus curve 1. (polarogram 5) has been 
obtained. Next, this solution was acidified by pouring in it — in 
the atmosphere of hydrogen — an excess of acid. Curve 2. was 
then obtained, which shows a distinct ’’nitrite wave" due to the reduc¬ 
tion of the liberated nitric oxide. Prolonged bubbling of hydrogen 
has removed this ”wave“, so that only the bend due to the evolution 
of hydrogen remained on the curve. Control experiments carried out 
to test the purity of the reagents used, gave always a negative result, 
all acidic solutions being free from the ’’nitrite wave". 

Gun-powders were also tried, which contained nitroglycerin; their 
alkaline suspension could not have been, however, tested directly for 
the presence of nitrous acid in this way, since nitroglycerin itself is 
easily reducible at the dropping mercury kathode. Thus an acidified 
suspension was prepared and hydrogen, passed through this solution, 
was allowed to pass through an alkaline solution, where the nitric 
oxide, liberated in the first solution, was absorbed. After all air has 
been expelled from both solutions, the alkaline one was acidified and 
the content of the nitric oxide determined by the height of the 
“nitrite wave”. 

However, it could not have been yet ascertained how much of 
the nitrous impurities, contained in the explosives, can be in this 
manner extracted; this has been left for another special quantitative 
investigation. 

Received Jan. 15th , 1931. The Physico-chemical Institute, 

Charles University, Prague. 

Summary. 

Neutral or alkaline aqueous solutions of nitrites are not reduced 
electrolytically at the dropping mercury kathode. However, when 
acidified solutions containing nitrites are examined polarographically 
an increase of current takes place at the potential —077 v. from 
that of the normal calomel electrode. 

The saturation current increases with the amount of the acid 
added and remains constant if the excess of the acid is at least five 
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times as great as the amount of nitrite. In excess of acid the satu¬ 
ration current, is proportional to the concentration of the nitrite. Thus 
traces of nitrites of the order 1G -3 n. i. e. 1 part per 1,000.000, can 
be revealed and estimated. 

The substance reduced at —077 v. is nitric oxide, liberated by 
the acid. The electro-reduction is a secondary one, nitric oxide being 
reduced to ammonia by primarily deposited hydrogen atoms, so that 
one mole NO takes up 5 faradays. 

Practical applications are given in which nitrous acid is traced 
in nitrocellulose and gunpowder. 
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CONTRIBUTION X LA CONNAISSANCE 
DE LA FORMATION DES SELS DE GLYCOCOLLE 

par J. V. DUBSKtf et A. RABAS. 

Le sel zincique normal de glycocolle fut prepare la premiere 
lois en 1852*) par Ebullition de l’oxyde de zinc avec une solution 
de glycocolle et cela sous forme de lamelles d’un Eclat soyeux**) 
II fut EtudiE d’une maniere plus approfondie par T. Curtius***) qui 
confirma la composition que lui avait attribuEe Dessaignes: 
{NH Z . CH 2 . C0 Z ) 2 Zn + H z O. Le sel est soluble dans Peau (d’aprEs 
nos expEriences 1 partie se dissout dans 10 parties d’eau), mais entre 
65 et 70° la solution sEpare subitement une quantitE considErafole 
d’oxyde de zinc. (Nous avons trouvE que la proportion d’hydroxyde 
de zinc est 21°/ 0 environ de la teneur totale en zinc si la solution 
est maintenue pendant 2 heures entre 65 et 70°, 32% environ si 
elle est maintenue pendant 2 heures en Ebullition). Si la solution prEsen- 
tant un trouble laiteux est additionnEe a chaud d’une petite quantitE 
de glycocolle, elle redevient limpide (d’aprEs nos expEriences la dose 
de glycocolle & ajouter doit Etre presque thEorique, dest-S-dire 
rEpondre aux %, pour que les 32% d’hydroxyde de zinc prEcipitE 
rentrent en solution). 

Si & une solution froide de glycocollate de zinc on ajoute d’abord 
un peu de glycocolle, elle ne se trouble pas meme alors qu’on la 
maintient en Ebullition prolongEe (d’aprEs nos expEriences 4 molEcuIes 
de glycocolle sont capables de maintenir en solution fimpide 10 
molEcules de glycocollate de zinc). 

Lorsque l’hydroxyde de zinc est sEparE par filtration, le ffltrat ne 
se trouble pas mEme au cours d’une Ebullition prolongEe {d’aprEs 
nos expEriences le filtrat contient 3 molEcules de glycocolle pour 1 
atome de zinc). L’addition de soude carbonatEe donne un prEdpitE 
seulement apres une EbuMition prolongEe, l’hydrogene sulfurE prEdpite 
instantanEment le suifure de zinc. 

*) Aunolen VBB$, &2 2^; Amt. Oum. Phys. (3), 34, 143. 

**) K. Kraut: AmOm- 1881, 266, 292. 

***)/. pr. mm. (2), 1882, 26, 162. 
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Curtius suppose qu’apres la separation de l’hydroxyde de zinc 
la solution renferme un sel double de glycocollate de zinc avec 2 
glycocolle, indecomposable a Pebuilition. II rend la formation de ce 
sel par liquation*): 

2 . C0 2 ) 2 2Tw + H,0 = ZnO + (NH 2 GH 2 . C0 2 ) 2 Zn . 2 NH 2 . 

ch 2 .co 2 h 

Cette supposition est corrobor6e par le fait que les solutions de 
glycocollate de zinc ne precipitent qu’imparfaitement sous l’adion 
du carbonate de sodium. Les experiences de Curtius font voir que 
le dit carbonate precipite 20—22% c’est-a-dire deux tiers du zinc total 
(le sel zincique desseche en renferme 30-6%). 

Le filtrat apres la precipitation a la soude carbonatee ne se trouble 
plus, pas meme apres une ebullition prolongee, mais precipite im- 
mediatement par l’hydrogene sulfure. 

A notre avis, les experiences de Curtius conduisent al’equation 
suivante: 

3 {NH 2 CH 2 . C0 2 ) 2 Zn + 2 H 2 0 = 2 ZnO + (NH 2 . GH 2 . C0 2 ) 2 Zn . 

4 NH 2 CH 2 . G0 2 H 

et, par suite, nous ne concevons pas pourquoi le filtrat apres la 
precipitation au carbonate doive renfermer le sel (NH 2 GH 2 .C0 2 ) 2 .ZnA 
mol. de glycocolle, ainsi que le suppose Curtius. Ce sel contient, 
en effet, theoriquement 22 , 6% de Zn. La presence de ce sel serait 
vraiserfiblable dans le cas oil la soude carbonatee n’aurait precipite 
que le tiers du zinc present 11 n’est pas clair non plus pourquoi 
Curtius signale d'abord une combinaison de glycocollate de zinc 
avec 2 molecules de glycocolle, et plus tard une combinaison n’en 
renfermant qu’une. 

Toutes ces discordances nous ont decide a repeter les expe¬ 
riences de Curtius. D’accord avec cet auteur, nous admettions nous 
aussi la formation d’un nouveau compose lors de la separation de 
I’hydroxyde de zinc dans les solutions de glycocollate, mais nous 
differions de Curtius en ce qui concerne la composition du dit 
sel neutre. Nous avons prepare le glycocollate de zinc 

a) par la methode de Dessaignes (au moyen de Poxyde de zinc), 

b) par la methode de Kraut (action du carbonate de zinc sur le 
glycocolle), 

c) par action de l’hydroxyde de zinc sur le glycocolle. 

*) Suivant cette equation 2 molecules de sel de zinc (poids atomique du sel 
anhydre 213) devraient donner 1 ZnO + 15*3 Zn. ■■ . 
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Le glycocollate monohydrate obtenu par ces methodes, de formule 
{NH 2 CH 2 . CO) s Zn + HJO, est un corps blanc cristallise, non hygrosco- 
pique. II se dissout environ dans 10 fois son poids d’eau en donnant 
une liqueur qui se trouble souvent ddja a froid. Entre 65 et 70° il y a 
hydrolyse partielle avec separation d’hydroxyde de zinc. Entre 240 et 
260° le sel devient jaune, puis brun, a 319° il se decompose. Nous 
avons essay6 de preparer le glycocollate de zinc par double decom¬ 
position du glycocollate d’argent et du chlorure de zinc, sans toute- 
fois y reussir. Il nous a paru interessant de constater le degre d’hy- 
drolyse du glycocollate de zinc. A cet effet Vioo de mol. gr de sel 
a die dissous dans 28 cc. d’eau, et chauffe pendant 2 heures a 65—70®, 
apres quoi I’hydroxyde de zinc separe a ete dose. Nous avons ainsi 
trouve 5 - 99%, ce qui repond a 21-21% du zinc total et fait voir que 
% du glycocollate a subi l’hydrolyse. Dans un deuxieme essai V 100 
de mol. gr de sel a ete chauffe k Pebullition avec 100 cc. d’eau. Le 
zinc separe par hydrolyse s’est eleve cette fois-ci a 9 - 07%, soit k 3212% 
du zinc total. En d’autres termes, le % du glycocollate a subi I’hy- 
drolyse. 

A la solution obtenue dans cet essai nous avons ajoute la quan¬ 
tity correspondante de carbonate de sodium Nf 10. Curtius remarque 
qu’& froid il ne se produit aucun trouble, nous avons cependant 
obtenu un faible trouble de carbonate de zinc. Apres 3 jours d’attente, 
nous avons separe le precipite par filtration, ce qui a donne 4-07% 
de Zn, soit 14‘43% du zinc total. L’ebullition a separ6 une nouvelle 
portion de carbonate de zinc, repondant a 3-53% de Zn, soit a 12’2% 
du zinc total. En tout, on a done pu eliminer par l’hydrolyse et 
Taction de la soude carbonatee 16‘6% de zinc, soit 59% du zinc 
total. Nous avons etabli, en outre, que la mise en solution de %— Vs 
de mol. gr d’hydroxyde de zinc, qui se separe pendant l’ebullition, 
exige % de mol. gr de glycocolle. Pour empecher la separation de 
Vs — Vs de mol. gr de Zn(0H) a , nous avons du ajouter % de moL gr 
de glycocolle. Une solution renfermant 4 mol. de glycocolle a dis¬ 
sous 1 mol d’oxyde zinc. — Lors de la preparation et de la re- 
cristallisation du glycocollate de zinc, les fractions ulterieures sepa- 
raient un sel a point de decomposition inferieur. Pour empecher la 
formation de ce nouveau sel, nous faisions bouillir les ffltrats de 
nouveau avec de Toxyde de zinc, et nous obtenions de cette faqon 
uniquement le glycocollate de zinc ordinaire, c’est-4-dire monohydrate. 
Les eaux meres apres la separation du glycocollate de zinc (d'apres 
le procede Dessaignes) ont separe le sel neutre {NH^CH^ OO^Zn. 
3 mol. de glycocolle -f- j? 2 0. Cest un corps blanc, cristallise, non 
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hygroscopique, qui se decompose a 245° avec nohcissement. II se 
dissout dans 6 fois son poids d’eau, La solution aqueuse fait deposer 
d’abord le glycocollate de zinc, puis ie se! neutre, la demiere frac¬ 
tion renferme aussi du glycocolle libre. Lors de la dissolution frac- 
tionn6e du sel neutre et de la cristallisalion des diverses fractions, Ie 
glycocolle se sdpare le premier, vient ensuite le sel neutre, et enfin 
un melange du sel neutre avec le glycocollate de zinc. Dans la so¬ 
lution de ce sel neutre le zinc ne se laisse plus pr£cipiter ni au 
moyen de la soude carbonatee, ni par ebullition. L’essai de preparer 
Ie sel neutre de glycocollate de zinc avec 3 mol. de glycocolle k partir 
du sel ZnCl 2 ■ 3 glycocolles n’a pas reussi. Lors de la dissolution de 
1 mol. gr de ZnO dans 5 mol. de glycocolle il s’est s6par6 le sel 
neutre a l’etat Iegerement impur. 

P. Pfeiffer*)et ses collaborateurs M. KlossmannetO. Angern 
decrivent un sel neutre de chlorure de zinc avec le glycocolle, fondant 
entre 81 et 90° et pr£sentant la composition ZnC \. 2 mol. de glyco¬ 
colle + 2 K 2 0. En essayant de preparer ce sel pour nos experiences 
nous avons ete surpris de voir apparattre de beaux cristaux non 
hygroscopiques, de composition ZnCl 2 .3 mol. de glycocolle, et dont 
le point de decomposition 6tait situ6 k 228°. C’est lors de la cristal- 
lisation lente d’une solution de 2 mol. de glycocolle et de 1 mol. de 
Zn(Jl 2 que nous avons obtenu ce corps pour la premiere fois. 

Quant au corps decrit par Pfeiffer, nous avons 6galement pu 
l’isoler, dans des conditions nettement definies, en operant avec des 
solutions tres concentres. Pfeiffer, indique un point de fusion 
indecis situ6 entre 81 et 90°, tandis que notre produit subissait vers 
90° une contraction, fondait a 100° et se decomposait k 230°. 

Le bromure de zinc ne nous a donne qu’un seul sel neutre. Sa 
composition etait ZnBr 2 .2 mol. de glycocolle 4- 2 B 2 0, le point de 
fusion 6tait k 98° et le point de decomposition a 335°. Ce corps se 
trouve encore decrit par Pfeiffer (Z. physiol. Chem. 1923, 133, 43) 
qui lui donne le point de fusion 68 — 75° apres dessiccation au- 
dessus de Ca.Cl 2 . 

Le sulfate de zinc ne forme qu’un seul sel neutre avec 1 mol. 
de glycocolle fondant a 82° (a 66° il y a rtTcissement, k 320° de¬ 
composition). Entre 50 et 60° le sel perd 4 mol. d’eau, entre 80 et 
125° la cinquieme. 

Un melange de chlorure cuivrique et de glycocolle nous a fourni 
un sel bleu pulverulent, devenant vert k 150° et se d6composant k 195° 
avec noircissement Sa formule est {NH 2 CH 2 . C0 2 ) 2 Cu. CuCl 2 .2 H 2 0. 

*) Z, physiol Chem. 1924, 133, 42. 
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Un sel de meme composition a ete decrit par K. Kraut {Ann. 1891, 
266, 308) qui l’obtenait dans Faction du chlorhydrate de i’ether 
aminoacetique sur la quantite appropriee d’oxyde de cuivre. Le mSrae 
produit cristallise se forme d’ailleurs lors de la dissolution de cet 
oxyde dans une solution de chlorhydrate de glycocolle ou lors du 
melange du chlorure cuivrique avec le glycocollate cuivrique. Kraut 
donne a ce sel aussi la formule NH 2 . CH 2 . C0 a . CuCl . H 2 0. D’apres 
cet auteur un chauffage a 110° proionge a 8 jours ne suffit pas pour 
dessecher le sel jusqu’a poids constant; au-dela de cette temperature, 
il y a decomposition du sel. 

L. Balbiano et D. Trasciati (Ber. 1900, 33, 2323) obtinrent 
un sel de mSme formule CuCl. 2 . {C 2 H i N'0^ 2 Cit . 2 H 2 0 en faisant agir 
un exces d’oxyde de cuivre fraichement precipite sur un melange 
des deux chlorhydrates de glycocolle [NH 2 CH Z . C0 2 H. HCl et (NH Z 
CH- 2 . C0 2 H ) 2 . HGI]. La solution bleue donne, apres concentration et 
refroidissement, de petites aiguilles vert clair, friables. Sous Paction 
de la chaleur la couleur subit un changement et a 135° il y a de¬ 
composition. (Les auteurs trouvent 13*5% de carbone, 3 - 85% d’hy- 
drogene, 18-36°/ 0 de chlore et 33-44% de cuivre, alors que les chiffres 
calcules sont respectivement 12 - 55, 3-14, 18'48 et 33-13.) Ce qu’il 
y ade singulier, c’est que Balbiano decrit le corps comme formant 
de petites aiguilles vertes, Kraut, par contre, h l’etat d’une poudre 
bleue. Quant a nous, nous Pobtenions, en accord avec Kraut, sous 
forme d’une poudre bleu clair. 

Lorsqu’on fait agir l’acide chlorhydrique sur un melange de glyco¬ 
collate et de chlorure cuivriques, on obtient une solution bleue qui 
devient verte plus tard et separe de petits cristaux bleus et verts. 
Les eaux meres donnent des cristaux vert fonce qui se decomposent 
a 190° et repondent a la formule Cud 2 . (NH 2 CE 2 . C0 2 ) 2 Cu. HCl. 

Le chlorure de cuivre donne avec le chlorhydrate de glycocolle 
un corps jaune citron, cristallise, hygroscopique, fondant a 96° (le 
point de decomposition est k 120°) et ayant pour formule CuCt 2 . 
(HC1NH 2 CH 2 . C0 2 H ) 2 .2 E 2 0. 

Avec les chlorures de cobalt, de nickel et d’etain tetravalent nous 
n’avons pu preparer de composes analogues. 

Ajoutons que nous pouvons confirmer Pexistence du corps 

CaCh • {EH 2 CH 2 . C0 2 \Cu . 3 H 2 0 

decrit pour la premiere fois par P. Pfeiffer et Fr. Wittka (Ber. 
1915, 48, 1292). 
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I. Glycocollate de zinc (m onohydrate) 

(NH 2 CH z :C0 2 ) 2 Zn + H 2 0. 

1. Preparation d'apres Dessaignes?) 

T50 gr (Vio de mol) de glycocolle sont dissous dans 100 cc. 
d’eau k 20—40°, la solution est additionnee de 4-07 gr d’oxyde de 
zinc**) (%, de mol). L’oxyde non entr6 en solution est recueilli sur 
un filtre durci, seche 10 heures k 105°. Son poids est de 1*24 gr. 
Pour 4 mol. de glycocolle 1 mol. de ZnO entre en solution. 

Le filtrat limpide est abandonne a la cristallisation, les cristaux 
obtenus sont essor£s, puis seches sur une plaque poreuse. Rende- 
ment: 2 8 gr. 

L’analyse a donne les chiffres suivants: 

Substance: 0'2221 gr, perte a 80—100° Jusqu’a poids constant 0-0173 gr. 
0"0639 gr, ZnO 0 0222 gr. 

H z 0 Zn 

{NH 2 CH 2 . C0 2 ) 2 Zn 4- H 2 0 (p. m. 231-47): Trouve 7*78%, 28-24%. 

Calculi 7-797%, 2-91%. 

Le glycocollate de zinc monohydrate est un corps blanc, cristal- 
lise, non hygroscopique, stable a Pair, soluble dans 10 fois (environ) 
son poids d’eau. Sa solution aqueuse ramene a un bleu faible le 
papier de tournesol, entre 65 et 70° elle subit une hydrolyse visible 
en separant de I’oxyde de zinc. Entre 240 et 260° le sel devient 
jaune, puis brun et finit par se decomposer vers 319°. 

2. Preparation d’apres Kraut.***) 

A une solution de 1-5 gr de glycocolle ( 2 / 100 de mol) dans 10 cc. 
d’eau chaude on ajoute 1-3 gr de carbonate de zinc ( x j 100 de mol). 
Aussitot que le degagement d’anhydride carbonique a cess£, l’oxyde 
r^siduel est ecarte par filtration. L’addition d’alcool separe un pr6ci- 
pite blanc, cristallise, qu’on lave a l’alcool et seche sur de la porce- 
laine d6gourdie. Rendement: 0 ’7 gr environ. 

Le corps jaunit entre 240 et 303°, puis brunit lentement et finit 
par se decomposer vers 308°. 

3. Preparation par action ' de I'hydroxyde de zinc sur le glycocolle. 
A. Une solution de 15*8 gr de baryte caustique ('% de mol) dans 

150 cc. d’eau est melangee, & l’ebullition, avec 14-4 gr de sulfate de 

*) Armaleti 1852, 82, 235. 

**) La teneur reelle en ZnO du produit employe n’etait que ! 74-53“/ 0 . 

***) Annalen 1891, 266, 292. 
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zinc cristallise (V 2 o de mol) dissous dans 35 cc. d’eau. Apres refroi- 
dissement a 50°, le liquide renfermani les precipites de sulfate de ba- 
ryum et d’hydroxyde de zinc est additionne d’une solution de 7*5 gr 
de glycocolle (V 10 de mol) dans 35 cc. d’eau, puis agite pendant un 
temps prolong^. Le precipite residue! est retenu par 3 filtres durcis, 
puis sechd pendant 10 heures £ 105°. Le poids approximatif de 1’oxyde 
de zinc (deduction faite du BaSO A ) est de V06 gr, ce qui fait voir 
que 4 mol. de glycocolle mettent en solution 1 mol. d’oxyde de zinc. 

Le filtrat separe de petits cristaux blancs qu’on essore et seche 
sur une plaque poreuse. 

Rendement: 3*8 gr. — Le corps jaunit entre 245 et 265°, devient 
brun ensuite et se decompose vers 308°. 

Les eaux meres separent de menus cristaux blancs it point de 
decomposition toujours plus bas (297°, 290°, 235°, 220°). Leur poids 
total est 3 6 gr. Nous reviendrons plus bas sur ces fractions. 

Analyse du corps blanc cristallise (p. de d. 308°): 

Substance: 0-0878 gr, perte a 130° 00078 gr, 

0 0878 gr, ZnO 0*0308. 

H 2 0 ZnO 

{NH 2 CH 2 . C0 2 ) 2 Zn + H 2 0 (p. m. 231-47): Calculd 7-78%, 28-24%. 

Trouve 8-89%, 27-89%. 

B. A une solution de 6 - 81 gr de chlorure de zinc anhydre 
(Vio de mol) dans 10 cc. d’eau on ajoute 7*50 gr de glycocolle ( x /x 0 
de mol) dans 15 cc. d’eau. Le melange est ensuite additionnd lente- 
ment d’une solution de 4 gr de soude caustique dans 10 cc. d’eau. 
L’hydroxyde de zinc qui se forme au debut rentre aussitot en solu¬ 
tion, et ce n’est qu’apres l’addition de la derniere portion de soude 
qu’une partie en reste non dissoute. Lorsque la liqueur est aban¬ 
donee pendant la nuit, 1’hydroxyde de zinc entre entierement en 
solution, apres quoi le liquide fait deposer un produit blanc cristal- 
lise qu’on essore et qu’on seche sur une plaque de porcelaine d£- 
gourdie. Rendement 5*4 gr. Le produit devient brun & 275° et se 
decompose a 296°. 

Les eaux meres separent un autre produit blanc cristallise qui 
jaunit entre 275 et 306°, brunit Ientement, et se decompose h 315°. 
Rendement: Q'Agr. 

Analyse: 

Substance: 0*1151 gr, ZnO 0 - 0401 gr. 

; (NH 2 OK 2 . (J0 2 ) 2 Zn + H. 2 0 (p. m. 231*47): Calculi Zn 28*24%. 

Trouve Zn 27*98%. 
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Les nouvelles eaux meres font deposer V3gr d’un corps Wane 
cristallise qui brunit 4 240° et se decompose 4 289°. 

Apres quinze jours de cristallisation iente nouveau depdt de 4’8 gr 
d’un corps blanc cristallise devenant rouge 4 220°, brunja 260° et se 
decomposant & 267°. 

Les eaux meres ultimes separent au bout de huit jours VI gr 
d’un produit cristallise fondant, apres dessiccation, a 215° (en se co¬ 
lorant en rouge orange). C’est un corps organique, mais qui ren- 
ferme a c6te du zinc encore du sodium. 

Les experiences ci-dessus mettent en Evidence qu’a cote du glyco- 
collate de zinc il se forme aisEment un autre produit plus soluble qui 
paratt etre un sel complexe de glycocollate de zinc avec le glycocolle. 

Ce resultat nous a decide a verifier les indications de Curtius 
relatives a i’action de 1’eau sur le glycocollate de zinc a 70°. 

4. Decomposition du sel de zinc d l 1 ebullition et sous Vaction de 
la soude carbonatee. 

2-3147 gr de glycocollate de zinc (Vioo de mol) a point de de¬ 
composition superieur a 300°, dissous dans 100 cc. d’eau, ont EtE 
maintenus en ebullition pendant 2 heures. L’hydroxyde de zinc se- 
parE a ete recueilli sur un filtre, puis calcine jusqu’4 poids constant. 
Le poids de l’oxyde obtenu Etait de 0'2611 gr, ce qui repond a 
9*07% de Zn, e’est-a-dire a 32*10 0 / 0 du zinc total.*) A la solution, 
dans laquelle resiait 0‘4441 gr de zinc, on a ajoute la quantity cor- 
respondante de soude carbonatee & I’Etat d’une solution N/ 10, ce 
qui a produit un lEger trouble. Apres un repos de 72 heures 4 la 
temperature du Iaboratoire le prEcipite a Ete rassemblE sur un filtre 
et calcinE. Le poids trouvE de ZnO etait 0* 1183 J g r /', ce qui rEpond 
4 4-11 de Zn. 

Soumis 4 l’ebullition, le filtrat a sEparE une nouvelle portion de 
carbonate de zinc, correspondant 4 0-1017 .gr de ZnO soit 3-53% de Zn. 

La soude carbonatee a elimine en tout 7 , 64% de zinc, alors qu'il 
restait dans le filtrat 11 *53°/ 0 de zinc non precipitable par Na 2 CO s Nj 10. 

Le filtrat apres le carbonate de zinc a EtE concentre par Evapo¬ 
ration jusqu’4 consistance d’une masse gluante. Seche sur une plaque 
poreuse, le produit pesait 0-85 gr. II est souillE de soude carbonatEe, 
il brunit 4 230° et se dEcompose 4 375°. 

*) NH%{CE ,. CO^Zn + H 2 0 : 28-94% de Zn, NH 2 {CH 2 . GO^Zn : 30-6% de Zn, 
NH 1 {CE i .CO i ) i Zn+\ mol. de glycocolle: 22-6% de Zn, NH 2 (CH 3 . CO^Zn + 2 mol. 
de glycocotle: 17*9% de Zn. 
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5. Decomposition des solutions aqueuses de sel zincique a 65 — 70°. 

Une solution obtenue en dissolvant 2*3147 gr de glycocollate de 

zinc monohydrate dans 28 cc. d’eau de 50° a ete maintenue entre 65 
et 70° pendant 2 heures (en retablissant le volume initial par des 
additions d’eau). L’hydroxyde de zinc separ€ a ete filtre et calcine, 
ce qui a donne 01726 gr de ZnO, soit 5*99% de Zn. 

Abandonne a la cristallisation, le filtrat separait de petits cristaux 
blancs. Apres essorage et dessechement sur porcelaine degourdie, le 
produit pesait 1*2 gr. SI brunit k 250° et se decompose a 312°. 

Les eaux meres separerent un melange de deux corps cristallises 
differant par leur temperature de decomposition: l’un d’eux devenait 
sucSessivement rouge et brun entre 240 et 250° pour se decomposer 
k 283° (avec noircissement), i’autre brunissait a 314° et se decom- 
posait a 314°. Rendement: 028 gr. 

6. Dose de glycocolle necessaire pour faire rentrer en solution 
I’hydroxyde de zinc separe par chauffage du glycocollate de zinc. 

2*3147 gr de glycocollate de zinc (Vioo de mol) dans 40 cc. d'eau 
ont dte chauffes une demi-heure au bain-marie, ce qui separait de 
l’hydroxyde de zinc. Pour que ce prdcipite se redissolve, il a fallu 
ajouter en tout 0*5280 gr de glycocolle, soit deux tiers environ du 
Vioo de mol. 

La solution a ete abandonnee a la cristallisation; malgre l’exces 
de glycocolle les beaux cristaux transparents obtenus ne constituaient 
encore que le glycocollate de zinc: ils brunissaient a 260 ° et se de- 
composaient ^ 316°. Rendement: 1*22 gr.- 

Les eaux meres ont fourni des cristaux dont le point de decom¬ 
position etait a 245°. 

7. Dose de glycocolle necessaire pour empecher la separation de 
Vhydroxyde de zinc lors du chauffage d’une solution N/5 de glycocol¬ 
late de zinc. 

2*3147 gr de glycocollate de zinc dans 50 cc. d’eau. A 5 cc., ren- 
fermant Viooo de mol de ce sel, on a ajoute une solution N[ 10 de 
glycocolle (7*5 gr dans 1 litre), apres quoi le melange a ete ffltre et 
chauffe au bain-marie. (Table p. 144.) 

Pour que lors du chauffage de Viooo de mol de glycocollate de 
zinc dans 5 cc. d’eau on empeche la precipitation de Zn{0H) z> ii faut 
ajouter Vssoo de mol de glycocolle dans 4 cc. d’eau; si Pon emploie 
V2857 de mol de glycocolle et qu’on chauffe, un leger trouble d'hy- 
droxyde de zinc apparaft au bout d’un quart d’heure. 
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Essai 


Solution 
A//10 de 
• glycocolle 

Duree 

de chauffage 
an bain-marie 


1 

Vioo de mol de sel 
dans 5 cc. d ? eau 

10 cc. 

(Vxooo de mol) 

7j h. 

Pas de trouble 

2 


5 cc. 

(Yaooo de mol) 

7a h. 

* 

3 

.■) 

Acc. 

(Vasoo de mol) 

7a h. 

,> 

4 

l /ioo de niol de se ^ 
dans 5 cc. d ? eau 

3-5 cc. 

( 7 x 857 de mol) 

7, h. 

Leger trouble 

5 

Vioo de mol de sel 
dans See. d*ean 

1 CC. 

(7ioooo de mol) 

2 min. 

Leger trouble 

6 

-> 

0*5 CC. 

(7-xoooo de mol) 

1 min. V 2 

Trouble 

7 

* 

0*2 cc. 

( Vsonoo de mol) 

l / 2 min. 

> 

8 


0*1 cc. 

(Viooooo de mol) 

Va min. 

:> 

9 


0*05 cc. 

(Vsoonoo de mol) 

l U de min. 

> 

10 


0 

10 sec. 

•> 


8. Determination de la quantite dloxyde de zinc entrant dans les 
solutions de glycocolle. 

Une solution de 15-010 gr de glycocolle ( 2 / 10 de mol) dans 250 cc. 
d’eau a et£ additionnee de 10'918 gr d’oxyde de zinc*) ( l /io de mol, 
le produit, souilI6 de carbonate, ne renfermant que 74-53%). Le m6- 
lange a et£ maintenu a 50° jusqu’S plus de engagement de C0 2 , 
e’est-k dire pendant 72 heures. L’oxyde de zinc non dissous a 6t6 recueilli 
sur un filtre, seche et calcink Le residu de ZnO pesait 3"885 gr dans 
un premier essai, 4-022 gr dans un second, ce qui correspond respecti- 
vement a 4‘252 gr et 4'022 gr de ZnO entrS en solution. 

Une solution de 15-010 gr de glycocolle ( a / 10 de mol) dans 250 cc. 
d’eau dissout done environ 4-137 gr d’oxyde de zinc, soit approxi- 
mativement V 20 de mol (la quantity exacte serait 4-069 gr de ZnO). 

Une solution renfermant 4 mol. de glycocolle dissout 1 molicule 
dtoxyde de zinc. 

Les filtrats reunis des deux essais ont ete concentres jusqu’k 
commencement de cristallisation. 11 s’en est depose des cristaux blancs, 
devenant bruns entre 255 et 270°, puis noirs, et se decomposant 
H315°. Rendement: 13-9 gr. ‘ 

*) 8-137 de pur, soit Vid de moI«i ^ : ' :1 ’’ . ; *C ;, 
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La concentration des eaux meres jusqu’k commencement de cris- 
tallisation a donne les 3 fractions suivantes: 

1. 14*6 gr d’un produit jaunissant a 230° et se decomposant k 245°, 

2. 5*4 gr d’un produit jaunissant entre 225—240°, puis brunissant 

pour se decomposer k 246°, 

3. 1*6 gr d’un produit devenant jaune entre 210 et 225°, puis bru¬ 
nissant, et se decomposant a 235°. 

9. Meilleure methods de preparation da glycocollate de zinc mono¬ 
hydrate. 

26*1 gr de glycocollate de zinc (p. de decomposition au-dessus de 
290°) ont ete traites par 270 cc. d’eau bouillante, ce qui a s£pare de 
I’hydroxyde de zinc. Le lendemain, ce precipite a ete ecarte par filtra¬ 
tion, et le filtrat a ete abandonne k la cristallisation. Le produit blanc 
cristallise a ete essore et seche sur une plaque poreuse. 11 devenait 
gris a 260° et se decomposait a 313°. Rendement: 13*3 gr. 

Les eaux meres ont ete chauffees pendant 3 heures avec le pre¬ 
cipite de Zn(OH\ obtenu anterieurement, ce qui a fait qu’une partie 
en est entre en solution. Le filtrat a de nouveau fait deposer des 
cristaux blancs devenant gris a 308° et se decomposant k 316° avec 
brunissement. Rendement: 6*67 gr. 

Les eaux meres ulterieures ont ete traitees de maniere analogue 
avec cette difference que le filtrat a ete concentre par evaporation 
jusqu’k commencement de cristallisation. 

Rendement en glycocollate de zinc: 

2*25 gr de produit a point de decomposition 310°, 

1*10 gr » » * » » » 318°, 

0*27 gr > > > > > » 308°. 

10. Essai de preparer le glycocollate de zinc a partir du sel 

d'argent. 

A une solution de 0*34 gr de chlorure de zinc anhydre (^oo de 
mol) dans 5 cc. d’eau on a verse goutte a goutte un liquide renfer- 
mant 0*91 gr de glycocollate d’argent (V 200 de mol) suspendu dans 
24 cc. d’eau. Apres elimination du chlorure d’argent par filtration, le 
liquide a ete abandonne k la cristallisation. La masse solide obtenue, 
dessechee sur une plaque poreuse, pesait 1*39 gr. G’esi un corps 
blanc, non hygroscopique, aisement soluble dans 1’eau, de gofltt amer, 
fusible k 135° avec engagement de gaz. L’essai n’a done pas reussi. 
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II. Glycocoliafe de zinc avec 3 mol. de glycocolle 
et 1 mol d’eau. 

1. Les eaux meres apres le glycocollate de zinc monohydrat6 
(pr6par6 d’apres Dessaignes) ont ete evaporees Ientement a 50° 
usqu’a cristallisation. II s’est separe un produit blanc cristallise qu’on 
a essor4 puis sechg sur de la porcelaine degourdie, Rendement 2*9 gr. 
Point de decomposition 245°. Le meme corps a et6 plusieurs fois 
observe dans les dernieres fractions apres le glycocollate de zinc. 

Analyse: 

Substance : 0*1556 perte apres 16 heures a 100° 0*0063 gr. 
0*1069 gr, ZnO 0*0189 gr, 

0*0913 gr, ZnO 0*0159 gr. 

(Nil,. CH ,. C0 2 ) 2 Zn + 3 NH 2 . CE 2 . O0 2 H + H z 0 (p. m. 456*62). 

CalcuM H 2 0 3*95%, Zn 14*32%. 

Trouve S 2 0 4*05%, Zn 13*99%. 

Ce sel neutre de glycocolle forme des cristaux blancs, non hy- 
groscopiques, stables a Pair, solubles environ dans 6 fois leur poids 
d’eau. Le corps jaunit entre 220 et 235°, puis brunit Ientement, a 245° 
ii se decompose avec noircissement. Sa saveur est a la fois sucree et 
l€gerement amere. De ces solutions aqueuses c’est toujours le glyco¬ 
collate de zinc monohydratfi (p. de dec. 319° ou quelques degr6s de 
moins si le produit n’est pas pur) qui cristallise le premier, et ce 
n’est que dans les fractions ulterieures que cristallise le glycocollate 
de zinc avec 3 mol. de glycocolle et 1 mol. d’eau (p. de dec. 245°). 
La derniere cristallisation ne renferme ordinairement qu’un melange de 
glycocolle avec une proportion insignifiante de ce sel zincique neutre. 

Les eaux meres apres ce dernier sel ont ete €vapor6es k 50° k la 
cristallisation. Le produit blanc cristallise, non hygroscopique, isole 
de faQon habituelle, pesait 2*3 gr. II jaunissait entre 217—232°, puis 
brunissait Ientement pour se decomposer k 239° avec noircissement. 
Les deuxiemes eaux meres ont donn6 de la meme maniere 0*6 gr 
d’un produit blanc cristallise, non hygroscopique, devenant jaune entre 
210—230°, puis brun, se decomposant a 241° avec noircissement. 

Analyse: 

Substance: 0*0966£/*, perte a 100° jusqu’a poids constant 0*0014 
0*0966 gr, ZnO 0*0032 gr. 

Qs chiffres correspondent a 1*45% d’eau et 2*66% de zinc et font 
voir qu’il s’agit la d’un glycocolle souilie d’une petite quantite de sel 
zincique neutre. 
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2. Essai de preparer le sel (NN,CH . Z . CO % ) z Zn . 3 NH z CH z CO z fi . 
1 H z 0 d partir du sel neutre ZnCl z -j- 3 NH Z CH 2 . CO z H. 

A une solution de 3-61 gr (V 100 de mol) de sel neutre decrit plus 
haut [ZnCl*. 3 NH Z . CH Z . CO z H] dans 21 cc. d’eau on ajoutait goutte 
& goutte une suspension de 3*64 gr de glycocollate d’argent ( 2 / 100 de 
mol) dans 30 cc. d’eau. Apres que le chlorure d’argent se {fit depose 
dans l’obscurite, on !’a recueilli sur un creuset poreux, puis seche entre 
110 et 130°. Son poids etait 2-770 gr au lieu des 2-867 gr theoriques. 

Le filtrat a ete abandonn6 a la cristallisation lente. Les cristaux 
separds au bout d’un mois ont ete debarrassds des eaux meres sur 
une plaque poreuse. Rendement 1-93 gr. Le produit, ais6ment soluble 
dans l’eau, possede une saveur amere avec un arriere-gofit sucre. II 
devient brun a 205°, et se decompose a 225°. 

Analyse: 

Substance : 0-1252 gr, perte a 120°, apres 60 heures de chauffage 
jusqu’& poids constant, 0-001 5 gr. 

0-1149g7\ ZnO 0'0092 gr. 

{(NH Z CH Z . CO&Zn + 3 NH 2 CH 2 . CO z H + 1 H z 0\ + NH,CH Z . C0 2 H 

(p. m. 981-97). 

Calcule H a 0 1-84%, Zn 6-66%. 

Trouve H z O 1-20%, Zn 6*43%. 

Le produit parait done etre un melange du sel neutre avec 7 mol. 
de glycocolle. 

Les eaux meres ont donne, apres un repos de 3 mois, 0-95 gr d’un 
produit blanc, tres soluble dans l’eau. C’est un corps organique ren- 
fermant du zinc et un peu de chlore, k saveur amere. II se retr^cit 
a 110°, fond a 128°, brunit k 229° et se decompose a 260°. 

V5gr de produit cristallise blanc («t point de decomposition 225°) 
ont ete recristallis£s 2 fois dans I’eau, ce qui a foumi de jolis petits 
cristaux blancs doues d’un eclat vitreux, aisement solubles dans 1’eau, 
& saveur douceStre avec un tres faible arriere-goOt amer. 

Le produit brunit k 235°, se decompose k 249°. Rendement: 0'5 gn 

Analyse: 

Substance: 0*1013 gr, ZnO 0*0037 gr — 2 - 94°/o de Zn. 

Le produit est done du glycocolle renfermant une faible propor¬ 
tion de sel de zinc. Dans les eaux meres il s’est depose un produit 
cristallise blanc, d’eclat vitreux, tres soluble dans I’eau, d’une saveur 
douce&tre avec un leger arriere-gout amer. Brunissement a 220°, de¬ 
composition & 242°. Rendement: Oi gr. 
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3. Dissolution et cristallisation fradionnees da sel neutre de gly- 
cocollate de zinc avec 3 mol. de glycocolle et 1 mol. dleau. 

12 gr de sel neufre ont 6te dissous par fractionnement dans 20 cc. 
d’eau. La premiere fraction a donne, a c6te d’un beau cristal de gly¬ 
cocolle, un produit cristallise brunissant & 235° et se ddcomposant 
k 245°; c’est le sel zincique neutre. Rendement 27 gr. La deuxieme 
fraction a encore donne le sel neutre sous forme de beaux cristaux 
blancs jaunissant entre 230 et 240° et se decomposant & 245°. La 
troisieme fraction a separe un melange de sel neutre (jaunissement 
entre 225 et 240°, decomposition a 255°) et de belles lamelles inco¬ 
lores, transparentes qui devenaient jaunes entre 230 et 245°, puls 
brunissaient et se decomposaient a 305°; c’est le glycocollate de zinc 
monohydratd. Rendement V7.gr. 

Lors de la dissolution et de la cristallisation fractionn6es du sel 
neutre il se separe d’abord le glycocolle, puis le sel neutre, enfin un 
melange de celui-ci et de glycocollate de zinc monohydrate. 

4. Preparation directe du sel (NH 2 CH 2 . COJ 2 Zn + 3 NH 2 CH 2 . 

co 2 h+h 2 o. 

A 4*07 gr d’oxyde de zinc (% 0 de mol de produit & 75%) dans 
100 cc. d’eau on ajoutait autant de glycocolle qu’il faillait pour ob- 
tenir une solution limpide, soit 15 gr ( 2 / 10 de mol). Le rapport 
^wO/glycocoIIe est 1: 5*3. La solution faiblement acide au tournesol 
a ete concentree k chaud jusqu’a commencement de cristallisation, ce 
qui a foumi en tout 16*6 gr de sel a point de decomposition de 248° 
(jaunissement a 230°, brunissement a 245°, noircissement a 248°). 

Analyse: 

Substance: 0*1419 perte k 100° jusqu’^ poids constant 0*0058 gr, 
0*1641 gr, ZnO 0*0275 gr. 

La theorie exige pour la formule ci-dessus 

H 2 0 3*95%, Zn 14*32%. 
trouve H 2 0 4*09%, Zn 13*46%. 

L’analyse fait voir que le corps n’etait pas encore tout-A-fait pur. 


III. S e 1 ZnC \. 3 NH 2 CE 2 . G0 Z H. 

3*00 gr de glycocolle ( 4 / 100 de mol) dans 20 cc. d’eau ont etd me¬ 
langes avec une solution de 2*73 gr de chlorure de zinc anhydre 
< 2 /xoo de mol) dans 5 cc. d’eau. Au bout de 10 jours le melange 
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a separe de beaux cristaux ji point de decomposition 228°. Rende- 
ment: 1*9 gr. Les eaux meres ont donne 1*8 gr d’un produit qui se 
d&omposait entre 229 et 232°. 

Analyse: 

Substance: 0*1813 gr, perte a 100—115° 0*0005 gr, 

0*3422 gr, ZnO 0*0787 gr, 

0*2394 gr, AcjGl 0* 1906 gr. 

ZnCk ■ 3 NH 2 CH 2 . C0 2 H (p. m. 361*44): 

Calcule Zn 18*09%, Cl 19*62%. 

Trouv6 Zn 18*27%, Cl 19*97%. 

Exposes* a fair, les cristaux devenaient humides apres un temps 
prolonge. La solution aqueuse pr6cipite par le nitrate d’argent deja 
k froid. Le sel rougit fortement le tournesol, mais est sans action 
sur le rouge Congo. II possede une saveur amere. 

Ajoutons que nous avons mentionne ce sel dejil dans un travail 
publie dans la Zeitschrift fur med. Chemie 1927, 5, 42. Plus tard, 
nous l’avons prepare directement en faisant agir 3 molecules de glyco- 
colle sur 1 mol. de chlorure de zinc. 

IV. Sel ZnCh .2 NH 2 CH 2 . CO % E + 2 H z O. 

Une solution de 6*81 gr de chlorure de zinc anhydre (%o de mol) 
dans 3 cc. d’eau a 6te additionnee de 7*5 gr de glycocolle solide (V 10 
de mol) et de 18 cc. d’eau chaude. Le melange filtre a immediatement 
separe un corps cristallise blanc, d’eclat vitreux, facilement soluble 
dans l’eau. Recristallis6 dans l’eau, il se retrecit a 90°, fond a 100°, 
jaunit & 222°, se decompose a 230° avec noircissement. 

Analyse: 

Substance: 0*1632 gr, perte apr&s chauffage a 110° jusqu’a poids 

constant 0*0177 gr. 

0*1018 gr, ZnO 0*0254 gr, 

01135 gr, AgCl 0*1015 gr 

(la solution a 6t6 precipitg k froid sans chauffage ulterieur). 
ZnCl 2 • 2 NH 2 CH s .C0 2 +2 H z 0 : 

Calcule H z 0 11*18%, Zn 20*27%, (7122*00%. 

Trouve H^O 10*84%, Zn 20*04%, <7122*12°/ 0 . 

Ce sel est dej^ d6crit par P. Pfeiffer et ses collaborateurs M. 
Klossmann et O. Angern {Zeitschr. physiol. Chem. 1924,733,42)* 
qui trouvent qu’il est un peu hygroscopique et fond entre 81 et 90°. 
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V. S e i ZnBr 2 . 2 NH 2 . GE % . OO.H + 2 H % 0. 

2‘25 gr de bromure de zinc (Vxoo de mo!) et2*25 gr de glycocolle 
( 3 / lfl0 de mol) ont et6 dissous dans peu d’eau (7 cc. environ). Au bout 
d’un certain temps il se separe de beaux petits cristaux transparents, 
d’£clat vitreux, aisement solubles dans Feau, doues d’une saveur amere 
Iggerement acidule. Seelies sur une plaque poreuse, ils fondent a 98°. 
Analyse: 

Substance: 0*1042 gr, perte apres 70 heures de chauffage a 80° 0*0091 gr, 
0*1251 gr, ZnO 0*0251 gr, 

OillO^r, AgBr 0*1012 £7*. 

ZnBr, . 2 NH 2 CH 2 C0 2 H + H 2 0 (p. m. 411*34): 

Calcuie H 2 0 8*76%, Zn 15*89%, Sr 38*86%. 

Trouve H 2 0 8*69%, Zn 16*16%, Br 38*76%. 

Le sel se trouve £galement ddcrit dans le travail cite de Pfeiffer. 

VI. S e 1 ZnSOi . NH 2 OH 2 . C0. 2 H -f 5 H 2 0. 

Une solution de 11*5 gr de sulfate de zinc heptahydrate ( 4 / 100 de 
mol) et 3 gr de glycocolle ( 4 /ioo de mol) dans 10 cc. d’eau a 
abandonne & la cristallisation. Au bout de quinze jours, il s’est sdpard 
un produit cristallise qu’on a dessech£ sur une plaque poreuse. 
Rendement 11*6 gr. 

Analyse: 

Substance: 0*1233 gr, perte apres chauffage k 50—60° (40 heures 
jusqu’jf poids constant) 0*0275 gr; perte apres 70° k 80—125° 0*0337 gr. 

0*1131 gr, ZnO 0*0282 gr, 

0*1504 gr, BaSOi 0*1089 gr. 

ZnS0 4 .NH 2 CH 2 .C0 2 H+5H. 2 0 (p. m. 326*57). 

Calculi 4 mol. de H 2 0 22*07%, 5 mol. de H 2 0 27*58%. 
Trouve H 2 0 22*30% entre 50—60°, 27*32% entre 80—125°. 

Calcuie Zn 20*02%, SO, 4 29*42%. 

Trouve Zw 20*05%, S0 4 29*81%. 

Ce sel neutre est en petits cristaux blancs, souvent transparents, 
legerement solubles dans Feau et dans les acides dilu£s. Sdche entre 
50 et 60°, le corps perd 4 molecules d’eau, entre 80 et 125° la cin- 
quieme. 11 est stable k Fair, non hygroscopique, a 60° il se retr^cit, 
k 82° il fond, k 320° il subit la decomposition. 
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Une solution aqueuse renfermant 3 mol. de glycocolle pour 1 mol. 
de sulfate de zinc heptahydrate a fourni un sirop separant de petits 
cristaux de glycocolle. 

VII. Sel (NH 2 CH 2 .CO i \Cn.CnCk + H,0. 

171 gr de chlorure cuivrique (Vioo de mol de sel dihydrate) et 1-5 gr 
de glycocolle ( 2 / 10 o) ont ete dissous dans 5 cc. d’eau. La solution bleu 
intense a ete filtre, puis abandon nee a la temperature ordinaire. Au bout 
de 8 jours, elle a separe 078 gr d’une poudre bleu clair. Le corps est 
stable a Pair, non hygroscopique, ais6ment soluble dans l’eau, de gofit 
amer. II devient vert a 150° et se decompose a 195° avec noircissement. 

Analyse: 

Substance: O'1189 gr, perte a 100° (apres chauffage jusqu’a poids 

constant) 0*0118 gr, 

0-1007 gr, AcjCl 0'0807 gr, 

01185 gr, CuO 0-0490 gr. 

Calcule pour la formule ci-dessus (p. m. 383 - 18) 

HoO 9-43%, Cl 18-56%, Cu 33-27%, 

Trouve II.J) 9'95%, Cl 18710/ 0 , Cu 33-04%. 

VIII. S e 1 HOI. {NH 2 C1-LC0 2 )./Ju . CuCl,. 

2‘3 gr de glycocollate de cuivre (Vioo de mol de sel monohydrate) 
et 17 gr de chlorure cuivrique ( 1 / 100 de mol de sel di hydrate) ont ete 
dissous dans 20 cc. d’acide chlorhydrique normale ( 2 / 100 de mol). Bleu 
intense au debut, la solution est devenue verte au bout de huit 
jours. Les premieres cristallisations bleues et vertes ont ete eliminees 
par filtration. Les eaux meres ont alors fourni de petits cristaux vert 
fonce jusqu’a noirs qui pesaient 0-9 gr apres dessiccation sur une 
plaque poreuse. Le corps est stable a Pair, non hygroscopique, se 
dissout aisement dans I’eau pour donner une solution bleu vert, de 
reaction acide, de gout amer. II se decompose a 190° avec noircissement. 

Analyse: 

Substance: 0-1067 gr, perte a 100° 0-0007 gr ce qui correspond a 
0-66% et montre que le sel ne renferme pas d’eau de cristallisation. 

O’1048 gr de sel seche, CuO 0‘0431 gr, 

0*1018 gr » > » , AgCl 0-1148^7-. 

Calcule pour la formule ci- dessus (p. m. 382-61) Cu 33’23%, Cl 27-80%. 

Trouve Cu 32-93%, (7127-90%. 


2 
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IX. Sel 2 HCl.(NHcfiHz. CO-tf ). GuGl 2 4* 2 E z 0. 

1-7 gr de chlorure cuivrique ( 1 / 100 de mol de sel dihydrate) et 
2*2 gr de chlorhydrate de glycocolle ont tie. dissous dans 5 cc. d’eau. 
Lorsque la solution vert d’herbe a ete abandonnee it la temperature 
ordinaire, elle a fini par separer 1 gr de petites dcailles jaune citron. 
Le produit est hygroscopique, facilement soluble dans l’eau, sa solu¬ 
tion possede une reaction acide, et une saveur a la fois acide et 
amere. II brunit a 78°, fond a 96° avec noircissement et finit par se 
decomposer a 120°. 

Analyse: 

0*1269£/* de substance finement puiverisee ont etd seches pendant 200 
heures entre 50 et 60° jusqu’a poids constant. Perte 0*0116 gr. Pour 
eviter la decomposition, il n’a pas ete possible d’aller au-delci de 60°. 
Substance: 0*1214 gr, CuO 0*0242 gr, 

0*1172 gr, A ff ClO-m5gr. 

Calcule pour la formule ci-dessus (p. m. 393*56) 
fls'J 9*16°/ 0 , Gu 16*15%, Cl 36*04%. 

Trouve H 2 0 9*14%, Gu 15*93%, Gl 35*99%. 

X. S e 1 (. NH 2 CH 2 C0 2 ) 2 Gu . CaCl 2 + 3 H 2 0. 

Une solution de 2*3 gr de glycocollate de cuivre ( x /, 00 de mol de 
sel monohydratd) et de 11 gr de chlorure de calcium ( 8 / 100 de mol 
de sel hexahydrate) dans 10 cc. d’eau a ete abandonnee a la cristal- 
lisation. Apres plus d’un mois, elle a separe 3 gr de petits cristaux 
bleus, tres solubles dans l’eau, se decomposant i 228° en devenant 
d’abord gris puis bruns. Au-dessus de l’anhydride phosphorique, ils 
perdent 1 molecule d’eau. 

Analyse: 

Substance: 0*1140 gr, perte entre 110 et 115° apres 24 heures 0*0116 gr; 

perte apres 5 heures k 130° 0*0197 gr, soit 17*29%, ce 
qui indique une decomposition. 

0*1005 gr, perte apres 48 heures au-dessus de P 2 0 5 jusqu’a 
poids constant 0*0047 gr. 

0*1166 gr, CuO 0*0240. Le cuivre a ete precipite par le 
cupferron, etc. 

0*1166^/*, CuO. Le calcium a ete dose par double preci¬ 
pitation a 1’etat d’oxalate et calcination ulterieure. 

0*1005 AffCl 0*0766 gr. 



Calcule pour la formule indiquee plus haut H. 2 0 (1 mol.) 4 - 78%, (2 mol.) 

9-57%, (3 mol.) 14-35%. 

Trouve H 2 0 au-dessus de P 2 0 5 4-67%, entre 110—115° 10-19° 0 , 

Calcule Chi 16-88%, Ca 10-64%, Cl 18-83%. 

Trouve Cu 16-45%, Ca 10-36%, Cl 18-85%. 

P. Pfeiffer et Wittka signalent deja ce sel, qui perd 1 mol. 
d’eau au dessiccateur phosphorique. Le reste d’eau ne se laisse pas 
enlever sans decomposition. 

XI. Essai de preparer le compose d’addition 

2 HCl. . CH 2 . C0. 2 H a v e c NiCh. 

Une solution de 2-36 gr de chlorure de nickel ( 1 I 100 de mol 
d’hexahydrate) et de 2'23 gr de chlorhydrate de glycocolle ( 2 / lfl0 de 
mol) dans 1-5 cc. d’eau a ete abandonnee a la cristallisation. Elle se- 
parait, un produit verdatre avec des teintes verles d’intensite differente. 
Humectee d’eau sur une plaque poreuse, il perd la teinte verte due 
au chlorure de nickel. La saveur est acide. II s’agit la simplement 
d’un chlorhydrate de glycocolle souille de chlorure de nickel. Point 
de fusion 174°, tandis que le chlorhydrate de glycocolle fond a 182°. 

XII. Essai de preparer le compose d’addition 

2 HCl . NH 2 CH 2 . C0 2 H avec CoCl 2 . 

Une solution de 2-38 gr de chlorure de cobalt (V100 de mol de 
sel hexahydrate) avec 2 - 23 gr de chlorhydrate de glycocolle ( 2 / IOO de 
mol) dans 1 cc. d’eau a depose un melange de deux produits qu’on 
ne peut pas separer completement l’un de l’autre. Le premier est 
incolore, bleuatre par ci et par la, possede une saveur acide, fond 
a 155° (p. de f. du chlorhydrate de glycocolle 181°), et ne constitue 
qu’un chlorhydrate de glycocolle impur. Le second produit est mineral 
avec des traces de matiere organique. II est cristallise, de couleur 
violette, et fond a 83°, ce n’est done que du chlorure de cobalt impur 
(p. de f. du sel pur 87°). Les eaux meres ont separe un melange analogue. 

XIII. Essai de preparer le compose d’addition 

2HCl.NH 2 CH 2 C0. 2 H avec SnCh. 

2-23 gr de chlorhydrate de glycocolle ( 2 / 100 de mol) et 2-61 gr de 
chlorure stannique ont ete dissous dans 2 cc. d’eau froide, puis filtres. 
Abandonnee a la cristallisation, la solution jaune a s£par£ un produit cris- 



tallise transparent de couleur verte inegale. Sdche sur une plaque po- 
reuse, il se retr^cit a 165° pour fondre h 181°. 11 se dissout facilement 
dans l’eau, sa saveur est aigre. Tout cela montre que c’est du chlo- 
rure stannique souille de chlorhydrate de glycocolle. Les eaux meres 
n’ont rien s£pare apres plusieurs mois. 

Mai 1929 Institut de Chimie analytique 

de L’Universite' Masaryk a Brno 
(Tchecoslovaquie). 


Resume. 

Les auteurs etudient le sel zincique du glycocolle et soumettent 
les observations de Curtius a un examen critique. 

En etudiant les conditions dans lesquelles le sel subit 1’hydrolyse, 
ils trouvent qu’a cote du sel zincique normal (point de decom¬ 
position 319°, solubilite dans l’eau 1:10), il se produit un sel neutre 
presentant la decomposition 

{NH 2 GH 2 . C0 2 ) 2 Zn . 3 NH 2 . GH 2 . G0 2 H + II 2 0 
(point de decomposition 245°, solubilite dans I’eau 1:6). 

En outre, ils decrivent les sels suivants: 

ZnCl 2 .2 NH 2 CH 2 . C0 2 H +2 H 2 0, fondant a 100°, se decomposant k 230°, 
ZnCl 2 .3 NH 2 CH 2 . G0 2 H + 2 H 2 0, se decomposant a 228°, 

ZnBr 2 .2 NE 2 CH 2 . C0 2 E -f- 2 E 2 0, fondant a 98°, se decomposant & 335°, 
ZnSOi . 1 NE 2 . GE 2 . G0 2 E + 5 ff 2 0, fondant a 82°, se decomposant 
a 320°, 

CuCl 2 . (EE 2 GE 2 ■ C0 2 ) 2 Cu + 2B 2 0, poudre cristalline bleu pale, se 
decomposant a 195°, 

CuCl 2 . (NE 2 CE 2 . C0 2 ) 2 Cu. HCl, cristaux vert fonce, se decomposant 
I 190°, 

GaCl^ . (HOLNE 2 GE 2 . C0 2 E) + 2H 2 0, petites ecailles jaune citron, 
hygroscopiques, fondant a 96°, se decomposant a 120°. 

La preparation de composes analogues & base de CoCl 2 , MGl 2 et 
SnGi\. n’a pas reussi. 



COMBINATIONS AMONG CERTAIN DYESTUFF RADICLES 

by M. REBEK.*) 


The present communication on this subject is intended as the 
first contribution upon a series of investigations, some of which have 
been completed whilst others are still in progress, and which have 
for their object a study of the combinations of various substituted 
triphenyl-methane and diphenylamine radicles. 

During the last few decades numerous researches have indicated 
that in certain organic groupings some atoms show abnormal valen¬ 
cies. This is especially the case with carbon and nitrogen in aromatic 
compounds. Thus, many different aryl-substituted ethanes and hydra¬ 
zines can be prepared, which tend to split up into the corresponding 
free radicles or into compounds whose elements exhibit unusual 
valencies. It was therefore thought of interest to examine the effect 
of phenyl substitution upon this tendency since it should throw some 
light upon the nature of the fourth valency of carbon and thereby 
assist in the elucidation of several problems in organic chemistry. 
Definite conclusions could not be reached at once owing to the 
exceptional difficulties associated with this work. 

It has been established, however, that in the carbon series the 
nitro-group favours decomposition; in the nitrogen series, on the 
other hand, the same group hinders it. The quartemary nitrogen acts 
like the nitrogroup, at least regarding the aryl-hydrazines for the 
hydrochloride of tetra-[dimethylamino]-tetraphenyl-hydrazine is a very 
stable compound and exhibits no dissociation phenomena. 1 ) 

An early study of the nature of the halogen atom in trityl**) chlo¬ 
ride 2 ) gave an indication of the basic function of organic radicles. 
This observation received strong support from the work of von 
Baeyer and Villiger 8 ) who could change the fourth valency of 
the central carbon by certain substitutions in the phenylgroups to 


*) a part of the experiments were made by M. Perpar. 

**) triphenylmethyl. 
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such a degree, that the carbinof) reacted as a real base. On the 
other hand W. Schlenk has been able to show that trityl can also 
behave as an anionic radicle 4 ). Thus the amphoteric character of this 
group has been established, for it can behave as an anion, a kation 
or as a neutral radicle. 

Hand in hand with these observations go the attempts to explain 
the colour of the substances. The theoretical deductions based upon 
von Baeyer’s experiments lost much of their significance after Wie- 
land had described the preparation of free triphenylmethane dyestuff 
radicles, among which trityl (triphenylmethyl) itself was as deeply 
coloured as the others 5 ). In spite of this these views have again re¬ 
cently assumed importance since W. Dilthey 6 ) brought forward 
his chromophore theory. 

Corresponding with this was the older explanation of quinonoid 
structure, which appeared highly probable from the extensive expe¬ 
rimental results of Hantzsch and Wieland. The combinations 
of triaryl-methyl and diaryl nitrogen bodies were studied by W i e I a n d 
in addition to the free radicles themselves and he was able to isolate 
stable diarylamino- triphenylmethanes'). These bodies, which were 
obtained from triphenylmethyl chloride and diarylamines, proved mostly 
as isomers in the simple reaction between the trityl chloride and di- 
phenylamine 8 ), e, g. 

{C s H,) 3 C Cl + (C 6 H & ) 2 NH = (G 6 H 5 % C. . NH . C @ H- n . . . . (I) 

whilst solutions of both radicles gave 

(C 6 IQ s .C.N(C 6 H 5 ) 2 .(II) 

When this compound (II) is heated in solution with small amounts 
of acids it changes to (1). 

We have resolved to combine basic tritanols (e. g. derivates of 
triphenylmethyl-hydroxide) with acid tritanes (e. g. derivates of tri¬ 
phenylmethane) or diphenylamine hoping that qualitatively and quanti- 
tatively different charges on the central atom would lead to com¬ 
pounds, which a physico-chemical examination might permit of con¬ 
clusions being drawn concerning the passing of polar compounds 
into non- polar bodies. The possibility of the presence of isomers 
(a salt form and an organic form) had also to be considered, since 
our reactions took place between pseudoacids and pseudobases, i. e. 
between homopolar substances, whilst the dyeforming process is 
based on salt-formation from a real acid or base. 

*) triphenylmethylhydroxide. 
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Finally, it was hoped to obtain data concerning the law connecting 
colour phenomena with basicity by means of a study of the light 
absorption of the substances synthesised in this work. 

The first researches were concerned with the systems from crystal 
violet base and hexa-nitro-tritanes (e. g. the acid of Aurantia). By 
warming the nitrobenzene or acetone solutions of the components, 
definitely crystalline compounds, having the characteristics of dyestuffs, 
were isolated. They proved to be quite stable, very slightly soluble 
in water, ether or petroleum ether, but dissolved readily in other 
organic solvents, especially acetone. Acids and bases both decom¬ 
posed these compounds forming the dye-salt and regenerating one 
component. 

The compounds crystallised with acetone of crystallisation: that 
from crystal violet base with hexa-nitro-tritane in the form of columns 
containing three molecules of acetone, whilst the long needles of the 
product from crystal violet base and hexa-nitrodiphenylamine con¬ 
tained only one molecule of the solvent. Colourless or only slightly 
coloured ‘organic’ modifications were not obtained; all products were 
deeply coloured and their acetone solutions conducted the electric 
current. They reacted vigorously with compounds containing hydrogen 
or hydroxyl ions. They can be salted out of their acetone solutions by 
means of common salt, magnesium sulphate or calcium chloride. 

The interaction between the carbinols and nitro-compounds was 
followed by measuring the conductivity changes. We were able to 
establish that the reactions between the base of crystal violet or the 
base of fuchsin and hexa-nitro-diphenylamine are instantaneous whe¬ 
reas the reaction of the first two and hexa-nitro-tritane necessitated 
many hours for completion. Under the above experimental conditions 
the change from crystal violet pseudo-base into the true base was 
instantaneous, a fact which is noteworthy in view of Hantzsch’s 
fundamental experiments. 9 ) 

The time reaction between crystal violet base and hexa-nitro-tritane 
can be compared with that of piperidine and hexa-nitro-tritane, which 
goes very regularly and may be plotted on a curve. The cause of 
this may be the reaction 

Hexa-nitro-tritane -*• aci-hexa-nitro-tritane and 

aci-hexa-nitro-tritane + piperidine = piperidinium salt 

whereas the system, crystal violet base -)- hexa-nitro-tritane follow the 
changes, 
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Pseudo-base true base 

pseudo-acid true acid 

true base -f- true acid -»• dye salt + i£>0. 

Since the velocity of the formation of the pseudo base from the 
true base most probably depends upon the concentration of the 
electro-contrary component, an obvious course of reaction cannot be 
expected. 

During the transition the concentration of the salt rises. In order 
to find the influence of this the change of conductivity of the product 
from crystal violet base and hexa-nitro-tritane with dilution was stu¬ 
died, using crystal violet as a means of comparison. In both cases there 
was a gradual increase in the specific conductivity with the formation 
of the compound molecules, only on great dilution was any irregular¬ 
ity noticed. In any case the reaction curve and the dilution curve 
were very different 

In order to obtain a preliminary view we investigated the follo¬ 
wing systems for conductivity changes during the interactions. Time 
reaction has been established between crystal violet base and /t-nitro- 
diphenylamine; tri-anisylcarbinol and hexa-nitro-diphenylamine gave 
a momentary maximum whilst crystal violet base and nitro-methane 
showed hardly any rise in conductivity. 

For the optical analysis the substances were placed in a colorimeter 
and spectrograms were taken. At definite dilutions colour changes 
occurred. Exposures by the Hartley-Baly method gave absorption 
curves which showed that the dyes from crystal violet base with 
hexa-nitro-tritane and with hexa-nitro-diphenylamine exhibited iden¬ 
tical absorption in the yellow and green regions. An approximation 
to Lambert and Beer’s law was also observed.*) 

The spectrum of both dyestuffs derived from these components 
was also studied. The absorption spectrum of each compound at 
known dilution was taken and compared with those of the comfjo- 
nents. The results indicate that the optical effect is an additive property, 
but before definite conclusions can be drawn further and varied 
investigations need to be carried out. 

It is intended to prepare a series of such compounds and to fol¬ 
low the influence of different arrangements upon the central atoms. 

*) For these investigations, which were made with a new automatic absorptio- 
meter in the physico-chemical institute of the Charles University, Prague, the author 
is obliged to Dr. R. Brdicka. 
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Experimental Part. 

The conductivity experiments were carried out in the usual appa¬ 
ratus and the measurements were made to 10~ 7 reciprocal ohms. The 
electrodes were not platinised; the normality of the solutions cor¬ 
responded with one gram-molecule of the substance per litre. The 
purification of the solvents used was carried on until the conducti¬ 
vity was no more than 10 -7 rec. ohms and this was taken as the 
initial conductivity of the medium. 


ix>- 



Conductivity increase of V200 normal solutions in acetone at 25 0° C. 
Equimolar mixtures of: 1. piperidine with hexa-nitro-titrane 

II. Crystal violet base with hexa-nitro-titrane 

III. Crystal violet base with ^-nitrodiphenyl- 
amine. 
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System: Crystal violet base with Hexa-nitro-tritane 
Temperature, 25° C. Solvent: Acetone (Fig. 1., curve II.) 

Initial conductivity of the acetone: 3'9 X 10 -7 
Concentration, 1/200 normal; Capacity of the vessel, C — 0'2484 
Conductivity of the base of crystal violet in 1/200 normal acetone 
solution: 1*28 X 10 -6 

Conductivity of hexa-nitro-tritane in 1/200 normal acetone solution: 

1-63 X 10- 6 


Time 

Conductivity 

Time 

Conductivity 

Immediately on mixing 

1*48.10-6 

after 270 Min. 

1*26.10-5 

after 15 Sec. . 

1*54.10-6 

405 * 

1*72.10-5 

30 


1*68.10-6 

600 » 

2*64.10-5 

45 


1*74.10-6 

645 •> 

2*75.10-5 

1 

Min. 

1*80.10-6 

1125 » 

4*66.10-5 

2 

-> 

1*86.10-6 

1200 > 

4*94.10-5 

5 

> 

1*95.10-6 

1320 » 

5*12.10-5 

10 

,> 

2-22.10-6 

1440 » 

5*30.10-5 

15 


2-46.10-6 

1620 » 

5*86.10-5 

25 


2*84.10-6 

1920 » 

6*60.10-5 

35 

•> 

3*23.10-6 

2010 » 

6*97.10-5 

45 

> 

3*59.10-6 

2790 » 

8*92.10-5 

75 


4*70.10-6 

2880 » 

8*92.10-5 

150 


7*46.10-6 

2970 » 

8*92.10-5 

180 


8*70.10-6 

3120 » 

9*15.10-5 




3300 » 

9*15.10-5 


System: Crystal violet base with Hexa-nitro-tritane 
Solvent: Nitrobenzene; Initial Conductivity of the Nitrobenzene: 

6-4 X 10- 7 

Concentration 1/100 n.; Temp. 25° C; Capacity of the vessel: 0'1005 
Conductivity of 1/100 n. Crystal violet base in Nitrobenzene : 

1-80 X 10-® 

Conductivity of 1/100 n. Hexa-nitro-tritane in Nitrobenzene: 1-36X 10~ 6 


Time 

Conductivity 

Time 

Conductivity 

after 5 Min. 

2-84.10-6 

after 180 Min. 

8*70.10-6 

30 » 

4-10.10-6 

540 > 

2*10 * 10—5 

60 » 

5-30.10-5 

660 * 

2*20.10-5 

90 -> 

6'40.10-6 

1440 » 

3*20.10-5 

150 * * 

8-00.10-6 




The reaction took place more slowly in nitrobenzene than in ace¬ 
tone solution. 



161 


System: Crystal violet base with Hexa-nitro-tritane 
Solvent: Acetone; Initial Conductivity of the Acetone: 8i >< 10~ 7 
Concentration 1/200 n.; Temp. 0°; Capacity of Vessel, <7 = 0*1476 


Time in Minutes 

Conductivity 

Time in Minutes 

Conductivity 

after 1*5 

9*6 .10-7 

after 68*5 

1*39.10-6 

3*5 

1*05.10-6 

120*0 

1*45.10-6 

5*5 

1*13.10-6 

160*0 

i 

© 

i 

a-. 

8*25 

1*13.10-6 

260*0 

1*77.10“6 

1325 

1 *21.10-6 

360*0 

2 *21.10-6 

18*50 

1*15.10-6 

430*0 

2*50.10-6 

47*0 

1*16.10-6 




System: Crystal violet base Hexa-nitro-diphenylamine 
Solvent: Nitrobenzene; Initial Conductivity of the Nitrobenzene: 

6-54 X 10- 7 

Concentration 1/100 n.; Capacity of the Vessel C — 0'1005 
Conductivity of the 1/100 n. Nitrobenzene Solution of Hexa-nitro- 
diphenylamine: 1 *78 X 10~ 6 

Conductivity of the 1/100 n. Nitrobenzene Solution of Crystal violet 
base: 1'80 X 10~ 6 Temp. 25° C 

Time in Minutes Conductivity 

Immediately on mixing 5*42.10- 5 
30 5*42.10-5 

60 5*42.10-5 

90 5*42.10-5 

180 5*42.10-5 

720 5-42.10-5 


Solvent: Acetone, Initial Conductivity of the Acetone: 8*46 X 10- 7 
Concentration, 1/100 n.; Capacity of the Vessel, C — 0*1005, 
Electrodes platinised 

Conductivity of the 1/100 n. Acetone Solution of Hexa-nitro- 
diphenylamine : 2*3.10 -6 

Conductivity of the 1/100 n. Acetone Solution of Crystal violet base: 
2'56.10- 6 Temp. 25°C. 

Time in Minutes Conductivity 

Immediately on mixing 2*83.10—4 
30 2*83.10-4 

60 2*83.10-4 

720 2*83.10-4 
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System: Crystal violet base with Hexa-nitro-diphenylamine 
Solvent: Acetone; Initial Conductivity of the Acetone: 8-1 X 10~ 7 
Concentration 1/200 n„; Capacity of the Vessel, C — O' 1476 

Temp. 0°. 


Time in Minutes 

Conductivity 

Time in Minutes 

Conductivity 

1 

^s> 

! 

o 

o 

CM 

18 

1*77.10-4 

3 

rf 

i 

o 

o 

C"1 

23 

1*73.10-4 

5 . 

1*73.10—4 

45 

1*84.10-4 

11 

1*77.10~4 

210 

1*80.10-4 


The high initial value may be caused by heat as consequence 
of the mixing of the components. That could have been proved by 
repeated experiments. 


Fig. 2. 



Conductivity increase of l / m normal solutions of piperidine and, 
hexa-nitro-tritane. At: 1. 25 0° C, II. 18-0° C, III. 0-0° C. 
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System: Piperidine with Hexa-nitro-tritane. Temp.: 0° 

(Fig. 2., curve HI.) 

Solvent: Acetone; Initial Conductivity of the Acetone: 3 - 90 X 10~~ 7 
Concentration 1/200 n.; 

Capacity of the Vessel, C = 0‘2484 
Conductivity of Piperidine in 1/200 n. Acetone Solution — 1 - 31 X 10 _& 
» > Hexa-nitro-tritane in 1/200 n. Acet. Sol. = 1-48 X 10~ & 


Time 

Conductivity 

Time 


Conductivity 

after 5 Min. 

4*34.10-6 

after 540 Min. 

2*36.10-5 

18 > 

5*71.10-6 

720 

;> 

2*60.10-5 

60 :> 

9*60.10-6 

840 

:> 

2*75.10-5 

90 » • 

1*14.10-5 

1410 


3*38.10-5 

150 > 

1*48.10-5 

1680 


3*51.10-5 

180 » 

1*58.10-5 

2100 


3*61.10-5 

300 » 

390 > 

1*89.10-5 

2*09.10-5 

2400 

% 

3‘67.10—5 (constant) 


System: Piperidine with Hexa-nitro-tritane. Temp.: 18° 

(Fig. 2., curve II.) 

Solvent: Acetone; Initial Conductivity of the Acetone 3D X 10~ T 
Concentration, 1 /200 n.; 

Capacity of the Vessel, C = 0-3952 
Conductivity of the Piperidine in 1/200 n. Acetone Solution: 

1-37 X 10- 6 

Conductivity of the Hexa-nitro-tritane in 1/200 normal Acetone 
Solution: 1-60 X10- 6 


Time 

Conductivity 

Time 

Conductivity 

r 1 Min. 

3*13.10-6 

after 165 Min. 

2*91.10-5 

2*5 > 

4*52.10-6 

210 » 

3*22.10-5 

5 > 

5*82.10-6 

360 > 

4*07.10-5 

7*5 » 

i 

o 

CN 

rH 

L-- 

540 » 

4*76.10-5 

10 » 

8*88.10-5 

840 » 

5*53.10-5 

15 » 

1*08.10-5 

1005 * 

5*71.10-5 

45 » 

2*03.10-5 

1440 * 

6*25.10-5 

90 » 

2*47.10-5 

1860 * 

6*80.10-5 

120 » 

150 > 

2*64.10-5 

2*82.10-5 

1995 » ■ 

6*77.10—5 (constant)- 
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System: Piperidine with Hexa-nitro-tritane 
Solvent: Acetone; Temp. 25°; Capacity of the Vessel, C — 0'2484 
Concentration 1/200 normal Initial Conductivity of the Acet.: 3 - 9 X 10 -7 


(Fig- 

1., curve I. 

and Fig. 2., curve I.) 

Conductivity of the Piperidine in 1/200 n. Acetone Solution : 1-64 X 10~ 6 

Conductivity of the Hexa-nitro-tritane in 1/200 Acetone Solution : 


1-44 X 10~ 6 


Time 

Conductivity 

Time 

Conductivity 

Immediately on mixing 

3*14.10“6 

after 11*75 Min. 

1*36.10-5 

after 45 Sec. 

4*30.10~6 

15 » 

1*59.10-5 

1 Min. 

4*87.10-6 

23 

1*94.10-5 

1*25 Min. 

5*54.10~6 

30 

2*20.10-5 

5 

8*17.10-6 

45 

2*48.10-5 

6 » 

9*08.10-6 

50 

2*79.10-5 

6*5 * 

9*57.10 -6 

120 

3*75.10-5 

8 

1*09.10-5 

540 

6*71.10-5 

9*75 > 

1*21.10-5 

550 » 

6*92.10-5 

10*5 > 

1*27.10 5 

720 

7*04.10-5 

System: Crystal violet base with /?-Nitrodiphenylamine 


(Fig. 1 

curve III.) 


Solvent: Acetone; 

Temp.: 25°; 

Capacity of the Vessel, G — 0 2596 


Concentration: 1/200 normal 

Initial Concentration of the Acetone: 

4-0 X 10- 7 

Conductivity of the /?-Nitrodiphenylamine in 

1/200 n. Acetone 


Solution: 

: 0*96 X 10” 6 


Time 

Conductivity 

Time 

Conductivity 

Immediately on mixing 

1*89.10-6 

after 600 Min. 

1-02.10-5 

after 1 Min. 

1*89.10-6 

660 » 

H* 

CO 

1-1 

o 

i 

CA 

5 > 

1*89.10-6 

720 » 

1*22.10-5 

15 » 

1*89.10-6 

780 » 

1*33.10-5 

60 > 

2*13.10-6 

1200 » 

2*22.10-5 

120 » 

2*80.10-6 

1260 > 

2*35.10-5 

180 > 

3*20.10-6 

1440 » 

2*82.10-5 

240 » 

4*14.10-6 

1560 » 

2*99.10-5 

300 » 

5*00.10—6 

1740 * 

3*18.10-5 

360 » 

5*80.10-6 

1860 > 

3*47.10-5 

420 » 

6*71.10-6 

2280 » 

4*06.10-5 

480 

8*12.10-6 

2640 » 

4*67.10-5 

540 * ' 

9*01.10-6 

2940 » 

4*81.10-5 



3480 * 

4*81.10 5 (const.) 
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Combination of 2:4:2':4':2":4" — Hexa-nitro-tritane 
with the Base of Crystal Violet. 

4:4': 4" — Hexa-methyl-triamino-trityl — 2:4:2':4':2":4" — 
Hexa-nitro-tritane.*) 

The acid nature of hexa-nitro-tritane is but feebly manifested. Its 
blue colour with alkaline solutions points to the formation of salt¬ 
like compounds. It was therefore surprising to obtain a very stable, 
well crystallized substance on simply warming molar solutions of 
crystal violet base and hexa-nitro-tritane. 

Molecular proportions of the components are dissolved in pure 
nitrobenzene or acetone at about 40° C and the acid constituent then 
gradually poured into the basic one. The reddish colour of the 
hexa-methyl-triamino-tritanol changed to dark reddish-brown and 
continued to deepen in colour. After heating for about an hour at 
120—125° C (in acetone solution the mixture was kept boiling) it 
became dark blue. After two hours, the reaction product was treated 
with ether and the residue was filtered off. The residue was re-dis¬ 
solved in acetone and again precipitated with ether. Small green 
crystals with a golden glance were obtained. On re-crystallisation 
from acetone, large and well-formed crystals could be isolated. Solu¬ 
tions of electrolytes precipitated the substance from acetone solution 
as a dark crystalline precipitate. 

The compound was also prepared by melting the components 
together. 

It was insoluble in water, ligroin and ether, but dissolved readily 
in methyl alcohol, benzene, chloroform and acetone. The acetone 
solution appears red in reflected light but dark blue in transmitted 
light. With alcoholic caustic potash the blue colour was retained 
although the fluorescence disappeared. Acids turned the colour to 
green. A dry chloroform solution of iodine yielded a beautiful ciystal- 
line product. On analysis 

04080 gram of the substance gave 04)535 gr H 2 0 and 

0-2372 gr C0 2 ; 

,01166 » » » » * 0’0571 gr U 2 0 and 

0-2568 gr C0 2 , 

C 44 fl 89 0 12 A T ' 9 + 3 C s H 6 0 calculated, C = 60‘03; H = 5*42, 

found, <7 = 59-90, H = 5-55, 

60-07. 548. 

*) This notation is suggested on the grounds of simplicity without supporting 
any special theory. 
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The acetone of crystallisation was also estimated in another way. 
The substance (0*0985 gram) was inserted in a small bent (micro- 
analytical) tube attached to a Landsiedl potash apparatus. The 
bend of the tube dipped into a beaker of concentrated sulphuric 
add, the absorption apparatus contained 2 21 cc of decinormai iodine 
and 25 cc of normal caustic potash. A stream of air was slowly 
drawn through the apparatus whilst the temperature was maintained 
at 100° C. After heating for four hours, the contents of the potash 
absorption apparatus were washed out and titrated with centinormal 
sodium thiosulphate solution to determine the unused iodine. 

Vol. of Thiosulphate required = 474 cc 

Acetone found — 17*07 per cent. 
Calculated for C U H 39 0 1Z N 3 4* 3 C 3 II 6 0 = 16*44 per cent. 

The contents of the absorption vessel showed a strong odour of 
iodoform. 

Molecular Weight Determination. This was carried out by the 
cryoscopic method in nitrobenzene solution. 

Constant for nitrobenzene 6*89. 

1. Wt. of nitrobenzene, 20*0093 gr; wt. of substance, 0*1000 gr. 
Depression, 0*035°. 

2. Wt. of nitrobenzene, 200093 gr; wt. of substance, 0*2440 gr. 
Depression, 0*085°. 

Found, 984*3 and 989*0. Calculated for 2 mol. acetone, 1001*46; 
for 3 mol. acetone, 1059*51. 

Combination of 2:4:6:2'*.4':6' —■ Hexa-nitro-diphenyl- 
amine with Crystal Violet base. 

4:4':4" Hexa-methyl-triamino-trityl — 2:4:6:2':4':6' — 
hexa-nitro-diphenylamine. 

Molar quantities of the components were dissolved in nitrobenzene 
or acetone, gently heated for a short while and then precipitated with 
ether. On standing, long green crystals with a golden glance sepa¬ 
rated out They were filtered off, washed with ether and purified by 
re-crystallisation from acetone. 

Crystal violet and aurantia or the former with hexa-nitro-diphenyl¬ 
amine yielded the same derivative. The colour of the acetone solution 
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was deep violet-red with a reddish-blue fluorescence. Alkalis turned 
the colour blue, acids green and salt solutions precipitated the com¬ 
pound as a dark brown precipitate. 

The compound was insoluble in water, ligroin and ether but it 
dissolved in the other ordinary organic solvents. In chloroform solution 
it yielded a crystalline precipitate with iodine. On analysis 

0*1839 gr substance gave 0*0758 gr K 2 0 and 0*3741 gr CO z 

0*1199 gr * * 0*0453 gr H z O » 0*2427 gr GO, 

0*1543 gr » > 0*0667 gr H 2 0 » 0*3140 gr OO t 

G S1 H U 0 12 N & + C 3 H 6 0 require C = 55*27; H = 4*64. 

Found (7 = 55*48, 55*21, 55*50; U = 4*59, 4*23, 4*84. 

As for the previous compound, the acetone of crystallization was 
estimated separately, the temperature of the bath being kept at 80° C 
since the crystals decomposed at 96° C. On analysis 

0*0950 gr substance required 6*00 cc of 1/100 n. iodine solution. 

0*0900 gr » > 6*00 cc of 1/100 n. » » 

Acetone found = 6*11 and 6*46 per cent 
Calculated for one mol. acetone, 6*68 per cent. 

Molecular Weight Determination. (Cryoscopically in nitrobenzene.) 
Constant for nitrobenzene, 6*89. 

Wt. of nitrobenzene, 24*2877 gr, wt. of substance, 0*1200 gr. 

Depression, 0*040° C. 

Wt. of nitrobenzene, 24*2877gr; wt. of substance, 0*0981 gr. 

Depression, 0*033° C. 

Found, 850*6 and 842*9; calculated for C ai H sl 0 1!i N 9 + G a H 6 0, 868.41. 

If a chloroform solution of the product is further treated with 
iodine in chloroform, a poly-iodide is present in the crystalline pre¬ 
cipitate. This poly-iodide was eventually purified and its iodine con¬ 
tent estimated by the method of Baubigny and Chavanne 

0*1076 gr substance gave 0*0791 gr Agl 
0*1160 gr » » 0.0855 gr Agl 

Found, I = 39*73 and 39*84 per cent. 

Calculated for C s -H- M 0 V2 N & + 31, 1= 38*53. 


3 
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Combination of 2:4:6:2':4':6' — Hexa-nitro-diphenyl- 
amine with Fuchsia base. 

4:4':4" — T riamin o-trityl — 2:4:6:2':4':6' — hexa-nitro- 

diphenylamine. 

This was prepared in an analogous way by mixing acetone 
solutions of the components, although the purification was more 
difficult. It was isolated by diluting the acetone solution, re-dissolving 
in chloroform and then throwing out again with petroleum ether. 

The colour of the solutions is intensely dark-red, the precipitate 
is brownish red. 

On analysis 

0.0998 gr substance gave Q'\$lbgr C0 2 and 0-0302 H 2 0 
OTOOOgr » > 0T899 gr C0 2 » 0-031 \ gr H 2 0 

Found, G— 51-25 and 51-79; H — 3-39 and 349 per cent. 
Calculated for G sl E 22 O yz N 9 , G — 52 22 and 77 = 3-11 per cent. 
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Conductivity-Dilution Curve of Crystal violet (I) and of the product 
from Crystal violet base with Hexa-nitro-tritane (11) 

Initial Concentration: 1/400 n. acetone solution. Temp.: 18° 

(Fig. 3.) 


Volume 

Spec. 

Cond. 

Mol. 

Cond. 


I 

II 

I 

II 

1 

2*36.10-4 

1*72.10-4 

94*4 

68*8 

1*11 

2*32.10-4 

1*62.10-4 

103*1 

71*9 

1*25 

2*02.10~4 

1‘47.10~4 

101*1 

73*5 

1*43 

1*86.10 4 

1*23.10-4 

106*4 

70*3 

1*66 

1*55.10-4 

1*20.10-4 

102*9 

79*7 

2*0 

1*34.10-4 

1*00.10-4 

107*2 

80*0 

2*5 

1*15.10-4 

0*815.10-4 

115*0 

81*5 

3*33 

8*64.10-5 

6*36.10-5 

115*1 

84*71 

5*0 

5*81.10-5 

4*46.10 *5 

116*2 

89*2 

10*0 

i 

o 

r-* 

o 

p 

CO 

2*40.10-5 

120*0 

96*0 

11*1 

2*72.10-5 

2*34.10-5 

120*9 

104*0 

12*5 

2*44.10-5 

— 

122*0 

— 

16*67 

1*84.10-5 

1*61 .10-5 

122*7 

107*3 

20*0 

1*49.10-5 

1*31.10-5 

119*2 

105*0 

25*0 

— 

1*24.10-5 

— 

124*0 

50*0 

5*2.10-6 

6*1.10-6 

104*0 

122*0 

100*0 

2*7.10-6 

4*9.10-6 

108*0 

196*0 


Absorption of the product from Crystal Violet Base 
and Hexa-nitro-diphenylamine and the super-posing 
of their optical Components. 

The products from crystal violet base and the nitro-bodies are 
found to be dyestuffs; evidently the nitro-group replaces the chlorine 
atom in the crystal violet. Since the anionic component shows ab¬ 
sorption as well as the kation, an optical synthesis was attempted 
by putting solutions of crystal violet and the ammonium salt of the 
hexa-nitro-diphenylamine (Aurantia) behind one another for exami¬ 
nation. 

A spectrograph was used for measuring the absorption; the source 
of light was a carbon arc lamp. Two dishes of 30 cc capacity were 
filled with the two dyestuffs and the absorption spectrum was photo¬ 
graphed (1) and (2). The two solutions were then mixed and the 
resulting solution was divided between the two dishes and another 
exposure was made (la) and (2a). The first experiments were made 
with 1/800 normal solutions and the second with 1/1600 normal. 
The exposures were 18 minutes and 12 minutes respectively. 


3 ' 
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Fig. 4. 



Absorption spectra of: 

1* Vsooo n. solutions of crystal violet base and aurantia superposed; 
la. the solutions mixed. Exposure in 1. and la. 18 min. 

2* l /laooo n. solutions of crystal violet base and aurantia superposed; 

2a. the solutions mixed. Exposure in 2. and 2a. 12 min. 

3. Source of light, exposed 2 secs. 

Finally the spectrum of the source of light (2 secs, exposure) was 
taken for comparison (3). 

Received Feb. 20th, 1931. 
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THE CATALYTIC REDUCTION OF BENZIDINE 
by F. BALAS and P. SEVCENKO. 

In the course of investigations (to be published later) of the pro¬ 
perties of alicyclic compounds derived from biphenyl the need oc¬ 
curred of preparing, as initial raw material, a larger quantity of benzi¬ 
dine hydrogenated in both rings (perhydrobenzidine). 

To this purpose a very active catalytic reduction method was 
applied, yet, on moderating the conditions of the reaction. The re¬ 
sults obtained and described in the experimental part of this paper 
indicate that even this moderate mode of procedure effects a consi¬ 
derable decomposition of the substance, partly by elimination of the 
amino groups, partly by union of the residues to polynuclear com¬ 
plexes. The amount of the ammonia evolved in the reaction, and the 
ratio of the simple and the condensed products differed in the vari¬ 
ous experiments depending, probably, according to the hitherto expe¬ 
riences, like in the hydrogenation of aniline (cf. Skita and Be- 
rend, Ber. 1919, p. 1519), on the concentration of the solution, on 
the temperature and on the degree of dissociation of the medium. 

From aniline, at a low temperature and a high concentration of 
the hydrogen ions, mainly cyclohexylamine is formed, at high tem¬ 
peratures and a low concentration of the hydrogen ions the chief 
product is the condensed dicyclohexyl amine. In our case, it was not 
possible to follow the procedure used by Skita and Berend in the 
hydrogenation of aniline, and to apply a strongly acid reaction by 
addition of hydrochloric acid because benzidine is precipitated as 
hydrochloride from its solution in the acetic acid whereby the ho¬ 
mogeneous colloidal state is disturbed. Hence it follows that, even 
for this reason, in the hydrogenation of benzidine the possibility is 
given for the easy formation of high molecular condensation pro¬ 
ducts prevailing over the monomolecular products. 

The condensation takes place, most likely, first by elimination of 
one molecule of ammonia from two molecules of benzidine. The 
produced bimolecular compound containing 4 nuclei can undergo 
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further condensation to compounds of a still higher molecular weight 
or its molecule can be diminished by the loss of one or both amino 
groups. 

It was impossible to identify individual compounds in the mix¬ 
ture of amorphous high molecular products (the theoretical mol. 
weight of the simplest compound is over 360) which did not yield 
any crystalline derivatives and, very likely, contained the nitrogen 
in the imino group being devoid of pronounced basic properties. 

Experimental. 

The catalytic reduction of benzidine. A warm solution of 10 g 
of benzidine (pro analysi Merck recrystallized from hot water) in 
150 cc of glacial acetic acid was mixed with about 120 cc of a col¬ 
loidal solution containing 2 g of platinum, 1 ) and shaken in a hydro¬ 
genation flask with hydrogen under a pressure of about 0T at. 2 ) 

During the hydrogenation the solution was heated to 50° C. The 
6 mols of hydrogen necessary for a complete reduction of benzidine 
(in our working conditions about 6600 cc) were absorbed, as an 
average of repeated experiments, in about 18 hours. 

Hereafter the hydrogenation mixture was freed from the acetic 
acid and from water by distillation under diminished pressure, and 
the thick slimy residue was dissolved in absolute alcohol whereby 
the platinum colloid was coagulated and could be separated by fil¬ 
tration and washed with alcohol. 

From the filtered alcoholic solution of the reaction products, after 
partial removing of the alcohol by vacuum distillation, upon addition 
of a diluted sodium hydroxide solution a mixture of the condensed 
bases separated in flocks which were filtered off and washed with 
diluted alcohol. 

The second filtrate was freed almost entirely from alcohol by 
vacuum distillation, the residue was mixed with a large amount of 
water and extracted repeatedly with ether. The ethereal solution was 
dehydrated with anhydrous sodium sulphate, the ether driven off, 
and the residue further distilled in a high vacuum. The distillate, pos¬ 
sessing a characteristic smell, formed a thick nearly colourless oil 

’) The solution prepared according to the well known method of Skita (cf. 
J. Stukart, Dissert. Karlsruhe 1914 and C. Fehr, Dissert. Freiburg in Br. 1919) 
contained for 1 g of platinum 3 g of gum arabic and 1 g of gelatine. 

J ) The apparatus employed and the preparation of pure hydrogen have been 
already described in Collection I (1929) p. 659. 
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solidifying rapidly into a white crystalline substance (the crude 
perhydrobenzidine). 

The mixture of the condensed products after drying in a vacuum 
formed a light gray amorphous solid substance which decomposed 
without melting on determination of the melting point. On exposure 
to air it soon changes to a brown red resin. It is comparatively 
easily soluble in alcohol, less soluble in chloroform and difficultly 
soluble in ether. 

It does not crystallize from the common solvents but retains 
tenaciously the solvents and can therefore only with difficulty be 
obtained in a thoroughly dry state. It possesses a slightly alkaline 
reaction and dissolves difficultly in acids. On distillation in a high 
vacuum it decomposes entirely. 

When neutralizing the acid solution of the hydrogenation products 
the escaping of ammonia was observed the amount of which was 
determined, like in the Kjehldal method, on distilling the contents 
of the hydrogenation flask with addition of caustic soda and trap¬ 
ping the liberated ammonia in 100 cc of iV-sulphuric acid. For back- 
titration of the remaining free acid 357 cc of iV-sodium hydroxide 
solution were consumed corresponding to over 60 per cent of ammonia 
eliminated from 10 g of benzidine in the hydrogenation with simulta¬ 
neous formation of high molecular condensed nitrogen products. 

The formation of the expected hydrocarbon — dicyclohexane — 
could not be evidenced by distillation of the neutralized mixture 
with steam. 

The properties of the perhydrobenzidine. The crude perhydroben¬ 
zidine obtained in the single hydrogenations was refined by redistil¬ 
lation in a high vacuum from a small Ladenburg flask. 

The initial small fraction boiling between 110 and 120° C at a pres¬ 
sure of 0*8 mm Hg was obtained as a viscous colourless oil. On 
cooling the fraction for the most part solidified to crystals leaving 
an amount of oil too small for further examination. The crystalline 
portion after losing the remaining oil on a porous plate possessed 
a melting point of 56—58° C. 

The bulk of the substance (the medium fraction) passed over 
without decomposition at 120° C and a pressure of 0*8 mm Eg . During 
the distillation the substance solidified already in the receiver and on 
cooling formed a solid body entirely free from oily parts. In the dis¬ 
tilling flask there remained but a small amount of non-volatile brown 
products. 
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The pure perhydrobenzidine obtained from the medium fraction 
in the form of white shining scales melting at 59° C possessed a rather 
intense smell resembling that of piperidine. It is very unstable in 
air turning yellow-brown. Excluded from air it is comparatively stable; 
in entirely filled air-tight bottles the crystals remain pure white even 
after months. 

Red litmus paper moistened with alcohol turns blue on contact 
with the substance which appears therefore to be a strong base. It 
is easily soluble in ethyl alcohol and methyl alcohol, less soluble 
in ether, chloroform and benzene, very slightly soluble in water, but 
dissolves readily in the solutions of organic and inorganic adds. 
No crystalline salts could be obtained. Its solutions are especially 
liable to the action of oxygen and of carbon dioxide in the air and 
can hardly be brought to crystallization. 

Analysis of the substance distilled in a high vacuum: 


Substance 0-1189 

COo 0-3192; 

H 2 0 0-1307 

0-1069 

0-2879 

0-1188 

0-0868 

0-2329 

0-0959 

0-0858 

02307 

0-0954 

0-1219 

iV 15-4 cc (19° C, 749 mm) 

0T167 

14-9 cc (20-5° C, 746 mm) 

Calculated for C 12 H 2i 

N 2 : C 73-39; 

H 12-33; N 14-28 

found: 73-25 

12-30 


73-48 

12-43 


73-21 

12-36 


73-36 

12*44 


— 

— 14-31 


— 

— 14-30 

Determination of the molecular weight by the method of 

camphor 0-0975; 

0-0317 

substance 0-0113; 

0-0068 

A 

23-5°; 

43° 


Mol. weight found: 197; 1995 
calculated for C 12 H 2i N 2 19&2 

As compared with benzidine which is characterized by several 
very sensitive colour and precipitation reactions e. g. with sulphuric 
add, with potassium dichromate, with bromine water and carbon 
disulphide, perhydrobenzidine does not yield any of these reactions, for 
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a) its sulphate is not precipitated from the solution being easily 
soluble 

b) with potassium dichromate only a slight yellow-green colour 
is produced 

c) with bromine water a slight turbidity is formed disappearing 
on addition of more bromine water. 

The salts of the perhydrobenzidine. 

Dihydrochloride was prepared by passing dry hydrogen chloride 
into a solution of perhydrobenzidine in anhydrous ether. The solu¬ 
tion was protected from the access of humidity by a tube with cal¬ 
cium chloride. The clear solution soon became turbid and in a short 
time a copious white precipitate was formed. After no more preci¬ 
pitate was separating by the current of hydrogen chloride, the pro¬ 
duct was filtered off, washed with anhydrous ether, and dried in 
a desiccator over calcium chloride. The dihydrochloride of perhydro¬ 
benzidine forms a white amorphous powder which on heating is 
coloured brown at 260° C and decomposes at 290° C. In the com¬ 
mon organic solvents (alcohol, ether, chloroform, benzene, ethyl ace¬ 
tate) it is almost insoluble. It is unstable on the air and could not be 
recristallized from any solvent on account of its slight solubility. 

Analysis: 

Substance 04204: AgCl 0T290 
Calculated for C v2 H 2i N 2 .2 HCl: 26-51 Cl 

found: 26-35 Cl 

Dipicrate. A solution of 092 g of perhydrobenzidine in absolute 
alcohol was introduced successively and on shaking into a hot so¬ 
lution of 2-2 g {— 2 mols) of picric acid in the same solvent, and 
the mixture was heated hereafter for about 10 minutes on a water 
bath. On cooling the content of the flask solidified for the most 
part to crystals of the picrate. After recrystallization from absolute 
alcohol the picrate formed druses of lustrous needles of intense red 
colour which became brown at 235° C and decomposed over 247° C 
with explosion. The picrate is little soluble in cold absolute alcohol 
or ethyl acetate, better on heating. Analysis of the product dried 
without heating in a vacuum for several hours: 

Substance 0-1210: N 18-25 cc (20-5« C,-152mm) 

Calculated for dipicrate C 2i H sa N s O u : 17-13 N, 

found: 17-03 N. 
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The substance explodes easily, and the precaution is necessary 
therefore in the analysis to mix it with much powdered copper oxide 
and to carry on the combustion very slowly. 

The investigation of the properties and reactions of perhydro- 
benzidine is prosecuted further. 


The Institute of Organic Chemistry 
Charles University, Prague. 


Summary. 

The properties of a new crystalline alicyclic compound: the per- 
hydrobenzidine C 12 H 2i N. 2 and of some of its salts (dihydrochloride, 
dipicrate) are described. 

The compound has been prepared by catalytic reduction of ben¬ 
zidine with hydrogen and a colloidal solution of platinum. 
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NEW BOOKS. 


V. Sazavsky a K. Sand era: Cukrovarnickd analytika* 1930. (Analytical 
methods of sugar Industry, A laboratory manual and an outline of the physical 
and chemical control in sugar-works.) pp. 406, published by the Ustredni Spolek 
csL prumyslu cukrovarnickeho, Prague; printed by Prumysl. tiskarna; price Kc 150. 

The scope of this excellent manual far exceeds the usual contents of the 
current hand-books of commercial sugar analysis like that by Fruhling-Rossing, 
C. A. Browne, F* G. Wiechmann, K. C. Neumann etc., and is indicated by the 
authors in the preface in which they emphasize the role accruing in a rational 
management of the sugar-works to the careful examination of all the possible 
causes of loss, and to the thorough analysis of the technical balance of the pro¬ 
cedure which make indispensable a complete and critical knowledge of the me¬ 
thods of sampling, of the chemical and physico-chemical examination, of the 
apparatus employed, and of the practical control of the factory operations. 

At the same time the manual has to serve as a basis for further research to 
sugar chemists, and, for this purpose, most valuable introductory historical re¬ 
views, critical remarks and numerous references to the literature accompany each 
chapter. Much of the valuable character of the book is due to the happy com¬ 
bination of the two authors, one being a renowned man of the industry, the 
other a prominent member of the staff of the Research Institute of the Czecho¬ 
slovak Sugar Industry and a pioneer in the field of the application of physico¬ 
chemical methods in the control of sugar-works operations. 

The contents of the book may be summarized as follows: Part I deals with 
the modern outfit of a model laboratory and with the organization of the 
laborat ry work, including the forms for recording daily laboratory results and 
operation data, suggestions for the computation and graphic expression of results 
with due regard to the limits of accuracy, and the theory and practice of sam- 
pling.il Part II contains the methods for the determination of the dry si^istance. 
Part III describes the methods of polarimetry, gravimetric and conductometric 
determination of ash, determination of the hydrogen ion, the visual and objective 
colorimetry, nephelometry, determination of the surface tension, the applications 
of the polarograph, hmunometry. Part IV deals with the mechanical and physical 
properttesbf the materials: the form, size and homogeneity of crystals, spec, gra¬ 
vity and hardness of refined sugar, velocity of dissolution, viscosimetry, calori¬ 
metry, Part V is devoted to the current examination of sugar beet, the intermediate 
products and auxiliary materials, to tfie control of the boiler house and to bacte¬ 
riology. In part VI the application of the methods to the control of a raw-sugar 
works and a refinery is discussed with complete computations of the output and 
the balance of the procedure. 


The presentation of the subject matter is very clear and critical, and reveals 
authors who are thoroughly acquainted with ail details even of the most deli¬ 
cate methods; especially in describing the analytical procedures and the fitting 
out of the apparatures many a little, trick has been put down saving much time and 
trdilhte ter: fbe 'hnexperlenced worker. ', . 

4 Tlie book includes Standard methods; for die analyses of the sugar industry 
which have been devised by a committee appointed, for this purpose, by the industry, 
but it was the aim of the authors to collect in this manual any theoretical and 
prauical knowledge which can be a help to a chemist controlling the operation 
of sugar wor ks. This ami has been well attained. Ferdinand Schulz . 

Vychazs mesicne. - OdpovMm redakton a vydarateie: Prof. Dr. £. Votocek a prof. Dr7j. Heyrovsky. 
Tistae sPoiltska* v Praze. - Novmova sazba povolena reditelstvim poSt a telegrafu cfs. 7746-VU. 1929. 



SUR LA PRECIPITATION DES SELS DE MANGANESE PAR 
LES CARBONATES AU POINT DE VUE DE L’ANALYSE*) 

par A.jfLEK et J. LUKAS. 

Pour doser le manganese sous forme de carbonate on a employe 
jusqu’a present Ies carbonates de sodium, de potassium, d’ammonium, 
de guanidine, de trimethylphenylammonium. Dans ces dosages, on ne 
pese pas ie manganese a 1’etat de carbonate mais d’oxyde salin de 
manganese Jfw 3 0 4 , ou on transforme ce dernier en sulfate de manga¬ 
nese. Fresenius 1 ) fut Ie premier a signaler que la precipitation du 
manganese par les carbonates sodique ou potassique n’est pas quanti¬ 
tative, et que le filtrat renferme toujours du manganese. Malgre cela, les 
resultats obtenus sont assez satisfaisants, la methode est en effet une 
methode de compensation, car Ie precipite retient du sel sodique ou 
potassique. C’est pour cette raison que Guyard et H. Tamm 2 ) pro- 
poserent d’opgrer la precipitation au moyen du carbonate d’ammonium 
en presence de sels ammoniques. Ce precede fut v£rifi6 par Frese¬ 
nius 8 ) qui put le recommander. Mart he Austin 4 ) reconnut que 
l’addfticn de sels d’ammonium n’exerce pas une influence considerable. 
File rechercha dans les filtrats la presence de manganese au moyen 
de brome et d’ammoniaque, sans toutefois pouvoir en trouver. Le 
meme auteur prSconiae de peser le sulfate de manganese plutot que 
l’oxyde salin . W. Herz 8 ) fait remarquer que le manganese reste 
en solution lorsqu’il est prdcipitd par I’amtnOtiiaque en presence de 
sels d’ammonium et sous Paction d’agents oxydants, car H y a id for¬ 
mation de sels complexes de manganese et d’ammonium, ce que con¬ 
tinue d’aiileurs Erik Schirm. 

En dtudiant les methodes courantes servant au dosage du man¬ 
ganese nous nousservions, entre autres, du precede Guyard-Tamm 
au carbonate. Nous avons reconnu alors que ce procddd, quoique 
pratiquement quantitatif dans certains cas, peut devenir moins sfir que 
la precipitation au moyen de carbonate de sodium. Cette observation 
nous a suggdre 1’idSe d’employer pour la precipitation des sets de tnan- 

*) Memoire presente a ta Societe Rovaie des Sciences & Boh&ne Ie 21 jan- 
vier 1930. 
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ganese ceux parmi les carbonates alcaiins qui — a en croire les in¬ 
dications de la litterature — n’ont pas encore ete appliques. Dans notre 
cas, il s’agissait des carbonates de lithium, de rubidium, de ccesium, 
de thallium. Les resultats ont ete mis en paralleie avec ceux obtenus 
en employant respectivement les carbonates de potassium, de sodium, 
d’ammonium et de guanidine. Dans tous les cas, nous avons eu soin 
de controler le filtrat et d’y determiner le manganese non seulement 
qualitativement mais encore par dosage. En raison de l’influence de- 
favorable exerc£e par les sels d’ammonium dans la precipitation du 
manganese par l’ammoniaque et les agents d’oxydation, les filtrats ont 
ete traites de la maniere suivante: A pres evaporation a siccite, les sels 
d’ammonium ont ete chasses par calcination sous Paction simultanee 
d’agents oxydants, le residu a ete fondu ensuite avec un melange de 
soude carbonatee et de salpetre. L’extrait aqueux de la masse fondue 
a ete reduit en milieu alcalin par de 1’eau oxygenee etendue, ce qui 
a donne du bioxyde de manganese hydrate. Ce dernier, apres lavage 
soigne, a ete transforme par calcination en oxyde salin M» 3 0 4 , qu’on 
a pese. 

La supposition que les carbonates alcaiins rares pourraient se corn- 
porter, lors de la precipitation du manganese, un peu autrement que 
les carbonates alcaiins courants, nous a paru justifiee par les diffe¬ 
rences qu’on observe dans le comportement vis-H-vis des sels de man¬ 
ganese chez les carbonates de potassium, de sodium et d’ammonium. 
Dans la precipitation du manganese par les carbonates solubles on 
a affaire a deux sortes d’ions, a savoir a (OB') et a (C0 S )", dont les 
premiers expriment Palcalinite de la solution. Leur nombre, pour un 
meme cation, depend de la concentration et de la temperature, pour 
des cations differents, du degre d’eiectroposifivite de ces derniers. On 
salt de plus que le manganese forme des sels doubles avec les sels 
de sodium, de potassium, de rubidium, de coesium, de lithium, dont 
la stabilite, en milieu alcalin, vis-a-vis de l’oxygene atmospherique, peut 
varier. La maniere de se comporter de ces sels doubles peut done 
influer sur la precipitation quantitative du manganese au moyen des car¬ 
bonates solubles. Verifier cette supposition a ete le but du present 
travail. 

Determination du titrede la liqueur manganeuse par les 
precedes ponderaux courants. 

Avant d’aborder i’etude proprement dite nous avons prepare une 
liqueur manganeuse dont nous avons determine le titre par differentes 
methodes ponderales. Comme liqueur etalon nous avons employe 
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une solution d’environ 60 gr de sulfate de manganese (produit Merck 
pro analysi) dans 3 litres d’eau. Son titre a ete etabli au moyen des 
procedes figurant dans le tableau I. p. 190. 

Commentaire du tableau I: Vu que la liqueur fondamentale de sul¬ 
fate de manganese etait constitute par du sel chimiquement pur (a de 
faibles traces de sel sodique pres), la methode de dosage deter- 
minante etait celle de Volhard (essais numtro 1 et 2). Voici com¬ 
ment on procedait: Un volume connu de sel de manganese a ete eva- 
port a siccite apres addition d’une goutte d’acide sulfurique, puis calcine 
dans un four chauffe electriquement jusqu’a poids constant, c’est4-dire 
jusqu’a ce que le residu de sulfate de manganese anhydre devint blanc. 
II a ete pese ensuite dans un flacon a tare. Le produit calcine donnait 
avec Peau une solution limpide, completement incolore. 25 cc. de la 
liqueur fondamentale renfermaient 118-65 mg de manganese. 

Suivant le procede Gibbs (essais 3 et 4) le manganese est pre- 
cipitt sous forme de phosphate double de manganese et d’ammonium, 
puis pese a l’etat de pyrophosphate de manganese (Mw 2 P 2 0 7 ). En prenant 
le procede Volhard pour base, on trouvait par celui de Gibbs 117*5 et 
115 9 mg de manganese, ce qui repond respectivement k 9907 et 
97*72% de manganese, soit en moyenne a 98*39%. Dans le filtrat eva- 
pore a siccite et debarrasse des sets d’ammonium par calcination, nous 
avons pu trouver (par fusion avec un melange de soude carbonatee 
et de saipetre) du manganese. Le procede Gibbs ne saurait done etre 
qu’une methode de compensation, vu qu’il donne des rtsultats assez 
satisfaisants. II presente d’ailleurs des avantages lorsqu’il s’agit de doser 
le manganese en presence d’une proportion considerable de sels d’am¬ 
monium. 

Dans le procede Rosenthaler le manganese est s6pare, a Petat 
de bioxyde de manganese hydrate, au moyen de Pammoniaque dilute, 
apres oxydation prealable par de Peau oxygende etendue. Le tableau I 
(essais 5 et 6) fait voir que la moyenne de manganese trouvd etait 
de 118*5 mg soit 99*91%, les chiffres concordent done presque com¬ 
pletement avec ceux obtenus par la methode Volhard. Le filtrat con- 
tenait, il est vrai, constamment des traces de manganese, mais elles ne de- 
passaient jamais 0*2 mg. Toutefois, le procede Rosenthaler donne en pre¬ 
sence de sels d’ammonium des valeurs moindres; il ne convient d’ailleurs 
point pour le dosage de faibles quantites de manganese (de 1 ft 2 mg). 

Suivant le procede Berg (essais 7—11), le manganese est prdcipitd, 
au moyen de l’oxyquinoleine, a P6iat de Mn{C$HsON) z 2 H 2 0, et cela 
soit en solution moder6ment acetique, soit en liqueur faiblement am- 
moniacale. Le precipite, de couleur jaune, se iaisse ais6ment filtrer. Il 
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n’est toutefois pas pese, mais titre par une solution X 0’2 de bro- 
rnate-bromure, ce qui donne d’excellents resultats. L’auteur signale 
d’ailleurs que Ton peut transformer Ie sel en question en oxyde salin 
de manganese (3f%0 4 ), mais n’indique pas les resultats obtenus. Par 
la voie ponderale nous avons trouve en solution acetique respectivement 
98 - 17 %, 98 - 96 % et 98 - 45 % de manganese, soit en moyenne 98-72%, en 
solution faiblement ammoniacale, 98 - 66 % et 97 - 84 %, en moyenne 98-25% 
de manganese. Le filtrat contenait en moyenne 1 - 38 % de manganese 
pourle precede acetique, 1-76% pour le precede ammoniacal. La methode 
ponderale presente l’avantage de pouvoir doser le manganese en pre¬ 
sence de sels d’ammonium. Elle est tres expeditive, et donne des valeurs 
un petit peu faibles, il est vrai, mais presque constantes. 

D’apres Spacu etDick, 1’action simultanee de pyridine et de rho- 
danure d’ammonium separe le manganese sous forme d’un precipite 
blanc, luisant, floconneux et filtrant bien, de composition (ilfwPy 4 ) 
(, SCX ) 2 . En appliquant ce procede nous avons trouve respectivement 
98‘87 et 98-86% de manganese, soit en moyenne 98-86%, alors que 
le filtrat contenait 1'29% de manganese. Le facteur servant a calculer 
le manganese est peu eleve ici, /= 0'1127, ce qui fait que le dosage 
est assez exact et les ch iff res tres constants. La technique, par contre, 
est bien plus compliquee que pour le procede Berg, car on est oblige 
d’employer plusieurs liquides de lavage renfermant de la pyridine. 

En examinant les chiffres obtenus au moyen des diverses methodes 
on voit que seules les methodes Voihard et Rosenthaler donnent des 
resultats concordants (la derniere d’ailleurs seulement en l’absence de 
sels d’ammonium). Nous avons done adopte la valeur moyenne de 
118-65 mg de manganese pour 25 cc.de liqueur manganeuse, corres- 
pondant a une solution N 0*1728. II va de soi que dans toutes les 
methodes citees, tant qu’on separe le manganese a 1’etat d’un preci¬ 
pite, il en reste toujours un petit peu dans le filtrat. Pratiquement, 
cette quantite est negligeable pour la methode Rosenthal (elle est 
en effet inferieure a 0-2 mg de manganese), dans les autres methodes 
le manganese restant dans le filtrat s’eleve a 1% environ. Par contre, 
la methode est moins sure quand il s’agitde faibles quantites de man¬ 
ganese en presence de sels d’ammonium, a la difference des autres 
methodes qui sont'applicables ici encore, bien que les valeurs obtenues 
soient rdgulierement un peu faibles. C’est pourquoi nous determinions, 
dans nos experiences, de faibles quantites de manganese de la ma- 
niere signalde au commencement de notre memoire. Tout ce qu’ou 
pourrait reprocher a ce precede, c’est qu’ilya retention de sels alcalins, 
a la suite de laquelle on obtient des chiffres plut6t un peu eieves. 
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Precipitation des sels de manganese paries carbonates 

solubles. 

Nos essais portent sur ies carbonates suivants: de sodium, de 
potassium, d’ammonium, de guanidine, de lithium, de coesium, de ru¬ 
bidium, de thallium. Pour obtenir des resultats comparables, void com¬ 
ment nous procedions: 

Dans la solution de sel de manganese h titre connu on versait 
d’une burette, goutte a goutte, une solution sensiblement gquivalente 
d’un carbonate soluble jusqu’a ce que la liqueur prit une teinte nette 
de phenoiphtaleine persistant pendant un chauffage de 1 heure au 
bain-marie. Le liquide a ete ensuite amene au volume de 100 cc. en¬ 
viron et maintenu 1 heure au bain-marie bouillant. 

Apres refroidissement, le precipite de carbonate de manganese a ete 
lave a l’eau jusqu’a plus de reaction alcaline, puis transform^ soit en 
sulfate de manganese, soit, par calcination, en oxyde salin Mn & 0 4 . 
Les premieres additions de carbonate soluble h la solution manga- 
neuse produisent toujours un precipite floconneux, plus tard, apres 
addition des 2 / 8 environ du carbonate soluble calcule, le precipite 
devient fin cristallin. 

Quant a la couleur, elle etait soit presque blanche, soit plus ou 
moins brunatre. Dans le filtrat, le manganese etait dose, dans la plu- 
part des cas, par le procede signale plus haut. 


A. Precipitation par le carbonate de sodium. 

Elle a et£ effectuee par une solution sensiblement N 0i5 de car¬ 
bonate de sodium anhydre (produit Merck pro analysi). Le precipite 
blanc a ete chauffe au bain-marie jusqu’a commencement de brunis- 
sement. Les resultats de ces precipitations se trouvent rassembles dans 
le tableau A. 


Tableau A. 


w Z 

k | > 


T r 0 

u v e 


Dans le filtrat 

cj tc u 

5 B <i> 

mg de 

M. B 3 0 ; 

mg de 
MnS0 % 

mg 

de Mn 

at 

la 

de M« 

mg de mg de % 
M\0 4 Mn de Mn 

118-65 

1630 


117-39 

98-98 

1*6 1*1 0*93 

118-65 

165-0 


118-8 

100-17 

0*6 0*4 0*36 

118-65 


324*2 

117-9 

99-40 

f l > essai qualifatif 
{ prouve rabsence 
\ de manganese 




Moyenne 99-51 

Moyenne 0*64 


Note 


<L> 


•g b 

B O 

Cl 
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En moyenne, on a done trouve 99*51 % de manganese dans le 
precipite, 0*64°/ 0 de manganese dans les fillrats. Malgre la presence 
de manganese dans ces derniers, les rSsultats ne laissent rien & de- 
sirer, ce qui met en evidence qu’il s’agit la d’une methode de com¬ 
pensation. Le manganese passe dans le filtrat semble y former, en 
milieu alcalin, un sel double avec le sel sodique, relativement peu 
stable vis-a-vis de 1’oxygene atmospherique, car au cours de 1’eva- 
poration il y a oxydation et separation d’un oxyde superieur de man¬ 
ganese retenant de Palcali. Apres calcination du precipite de carbo¬ 
nate de manganese, on ne peut constater qu’une reaction alcaline 
relativement faibie. 


B. Precipitation par le carbonate de potassium. 

La solution manganeuse employee avait ete preparee au moyen 
d’un produit Merck pro analysi, elle etait sensiblement N 017. lei en¬ 
core, le precipite de carbonate brunit pendant le chauffage au bain- 
marie. Le tableau B resume les resultats obtenus. 


Tableau B. 


, .23 2 
erf £ > 


T r o 

u v e 


Le filtrat renferme 

bC rt 

C 3 

erf ^ 

Sag 

my de 
-ItitjO, 

mg de 
MnSO, 

mg 

de Mn 

% 

de Mn 

mg de mg % 

Mn 3 0 , de Mn de Mn 

118*65 

164-4 

324-0 

118-4 

117-8 

99-83 

99-32 

1-0 0-72 0-6 

11865 

— 

325-2 

118-2 

9966 

1-6 1-1 0-92 

118-65 

163-3 


119-0 

100-33 

1 l’essai qualitatif 

j prouve la presence 

I de manganese 




Moyenne 99*78 

Moyenne 0*76 


Note 


Crf 

j- ,D erf 

ss £*E 

*-« erf *r 
X) > A 

S"E S3 

^ ca <a 

3 c « 
o 


Ainsi que le fait voir le tableau B, le carbonate de potassium a pr£- 
cipite 99-78% de manganese, alors que 0*76% sont passes dans le 
filtrat. 

Malgre ce dernier fait, les valeurs obtenues, evidemment grace & une 
compensation, sont satisfaisantes. Pour le reste, nous ne saurions 
que r6p6ter ce qui a ete dit dans le cas du tableau A. 


C. Precipitation par le carbon ate d’ammonium. 

La solution carbonatee sensiblement N 0*16 a ete preparee en 
employant le sel du commerce. Elle ne precipitait le manganese qu’ 
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apres addition, jusqu’a coloration nettement rose de phenolphtaidine, 
d’ammoniaque diluee. Tanl que Fexces d’ammoniaque n’est pas fort, 
!e precipite de carbonate de manganese est presque blanc, autrement 
il est faiblement brunatre. 

Le tableau C rend les resultats obtenus. 


Tableau C. 


.sS 

J2 P s 

^ : s 


T r 

o u v e 


Dans le filtrat 


my de 

mg de 

mg 

TP 

/a 

mg de mg % 

Note 

c 

j/%0 4 

MnSO t 

de Mn 

de Mn 

MnJ), de Mn de Mn 


118"65 

137-6 


99-09 

83“35 

26-0 18-7 15-70 


118-65 


241-0 

87-60 73-86 

Moyenne 78-60 

42-4 30-6 25-80 

Moyenne 20-79 

Le pre 
pite e 
blanc 


II ressort du tableau que cette precipitation donne des resultats 
tres mauvais, en effet 78-60% seulement (en moyenne) de manganese 
sont precipites, alors que 20 - 79% passent dans le fitrat. 

Nous avons fait, en meme temps, des essais avec un carbonate 
d’ammonium fraichement prepare, et cela de la faqon suivante: Un 
volume donne d’ammoniaque a ete sature de gaz carbonique, puis 
additionne d’un volume egal d’ammoniaque de meme concentration. 
La solution servant aux precipitations a ete N 4'95. Les resultats 
obtenus avec cette solution figurent dans le tableau Q. 


Tableau C v 


V 
■ r U 

u g 


T r c 

) u v e 


Le filtrat renferme 


-a * g 

mg de 

mg de 

mg 

% 

mg de mg % 

Note 

fig 

3111,0, 

MnSO, 

de Mn 

de Mn 

Mn.fi, de Mn de Mn 


118-65 

157-6 


113-5 

95-69 

i le manganese n'a j 
l ete recherche que I 
| qualitativement j 

Le preci- 
■ pite est 
blanc. 

118-65 


302-0 

109-8 

92-58 

11*6 8*35 7-04.) 

118-65 

145-8 


105-0 

88-53 

i le manganese n J a 
l ete recherche que 
[ qualitativement 

Moyenne 7 - 04 

c <u . U) « 

3 ii ^ 43 
cL’cL " 
ro q,-»* sT.rr c 




Moyenne 92-26 

' ©3? O O 

m s «3j *n 

«« s g5- 

J K.= <=£ 


Bien qu’un peu plus favorables que dans le cas precedent (C), les 
resultats restent toujours considerablement inferieurs aux chiffres 
theoriques, la proportion de manganese precipite n’atteignant que 
92"26%. Le dernier ehiffre du tableau est particulierement bas, parce 
que le precipite n’a pas ete maintenu au bain-marie. 
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Dans les essais ulterieurs, nous avons etudie Faction du carbonate 
d’ammonium en presence de sels ammoniques tel que le chlorure, 
1’azotate, le sulfate. 

C 2 . Precipitation en presence de chlorure d’ammonium. 

Elle a et£ operee en employant une solution de carbonate d’ammo¬ 
nium N 4-95 environ. Dans les diverses experiences, on faisait varier 
la concentration du chlorure d’ammonium. Le tableau C 2 donne les re- 
sultats obtenus. 


Tableau C 2 . 


mg de 

Mn mis 
en oeuvre 


T r o u v 

e 

Dans le filtrat 

JL *5 

mg de 
M>hO, 

mg 

de J In 

0/ 

fa 

de Mn 

mg de 
3In s 0 t 

mg 

de Mn 

% 

de Mn 

§ o g 

c.2b 

118-65 

162-8 

117-2 

98-81 

1-0 

0-7 

0-59 

n 0*46 

118-65 

164-6 

118-5 

99-91 

0-8 

0*5 

0-42 

n 0-92 

118-65 

164-8 

118-6 

ioo-o 

moins de 01 


n 1 *29 

118-65 

161-4 

116-2 

97-90 

4-0 

2-8 

236 

n 3-70 


On tire du tableau que les resultats varient avec la concentration 
du chlorure d’ammonium ajoute. Pour une quantite sensiblement 
demi-normale de chlorure d’ammonium ils sont de 1% environ in- 
ferieurs aux chiffres theoriques. Avec une quantity sensiblement nor- 
male de chlorure d’ammonium, on obtient pour le manganese des 
valeurs presque theoriques qui diminuent toutefois de 2% environ, 
si la quantite de NI-I^l est de 3 a 4 fois normale. Dans tous les 
cas, le filtrat renferme un peu de manganese, dans les plus favora- 
bles, sa proportion est inferieure a Oi mg. 


C s . Precipitation en presence d’azotate d’ammonium. 

Le carbonate d’ammonium a ete le meme qu’auparavant, la pro¬ 
portion d’azotate d’ammonium variaii Voici les resultats: 


Tableau G>. 


T r o u v e 


Le iilfrat contient 


C (y 

o <u C 

T 3 > 

^■22 ss 

8 

mg de 
Mn, 0 , 

mg 

de Mn 

% 

de Mn 

---- V 

m de mg '% 

Mn^O l de Mn de Mn 

JS § 

118-65 

151-2 

108-8 

91-81 

le manganese' a 
constate qualitativement 

n 0-37 

118-65 

163-2 

117-9 

99-47 

1-4 10 0-84 

» 0-75 

118-65 

163-8 

117-96 

99-46 

0-6 0-4 0*33 

a 1 

118-65 

160 8 

115-8 

97 64 

le manganese a et£ 
constate qnalitativement 

n 0-75 
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Les resultats rappellent ceux du tableau precedent. Id encore ils 
sont les meilleurs en presence de la quantity normale de sel ammo- 
nique, tres faibles toutefois (91*Sl°/ 0 ), lorsque la normality est reduite 
a %. Si Ton supprime le chauffage du carbonate de manganese, 
toutes autres conditions favorables d’ailleurs, on obtient encore des 
valeurs trop faibles (97'64°/ 0 de manganese, dernier essai du tableau), 
et la nature du precipite reste floconneuse. 

C 4 . Precipitation en presence de sulfate d’ammonium. 

Les chiffres obtenus sont rassembl6s dans le tableau Q. 


Tableau C 4 . 


£ _ 
c <u 


T r o u v e 


Le filtrat renferme 

JSC 
l .i-dj 
o c ^ ^ 

QJ <U t-* 

* 

§"E 8 

mg de 

■UitjO., 

my 

de Mn 

7„ 

de Mn 

my de 
Mn 3 0, 

mg 

de Mn 

0/ 

h 

de Mn 

y o g 

O os <**. 5s !>• 
Ui: «SS 

118-65 

160-6 

115-6 

97-47 

( le manganese a ete ] 
f constate qualitati- ! 

{ vement ) 

» 0-75 

118-65 

164-0 

118-1 

99-66 

1-2 

0-8 

0-67 

n 0-38 

118-65 

162-0 

116-6 

98-31 

2-6 

1-8 

1-51 

n 0"22 

118-65 

163-0 

117-3 

98-90 

1-2 

0-8 

0-67 

n 1-13 


En presence de sulfate d’ammonium le carbonate de manganese 
se separe plus lentement que dans les cas precedents. Les resultats 
sont les meilleurs lorsque le dit sulfate est en concentration N 0*3; 
des concentrations superieures ou inferieures rabaissent les chiffres 
obtenus de 1 °/ 0 environ. Le sulfate d’ammonium se comporte done 
un peu autrement que le chlorure et l’azotate. Void comment on 
peut r£sumer la precipitation par le carbonate d’ammonium: Pour 
que le sel de manganese precipite par le carbonate d’ammonium, il 
faut que la solution presente une alcalinite {NH :i ) vis-£t-vis de la phe- 
nolphtaleine. Le carbonate d’ammonium seul, sans addition d’un autre 
sel ammonique, ne precipite le manganese qu’imparfaitement (94% 
environ). 

Le sel d’ammonium ajoute influe, suivant sa nature et la concen¬ 
tration, favorablement sur la precipitation quantitative du manganese, 
du moins entre certaines limites. Les meilleurs resultats s’obtiennent 
par I’emploi de sels d’ammonium a anion simple tels que le chlo- 
rure, a la difference des sels plus complexes tels que le sulfate et 
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l’azotate. De plus, il ressort de nos experiences que, bien que le 
procede au carbonate d’ammonium en presence d’un autre sel ammo- 
nique donne des resultats bien utilisables, et que Ie filtrat contienne 
toujours quelques mg de manganese, il peut se presenter des cas 
oil il est moins exact que la precipitation au moyen du carbonate 
de sodium ou de potassium. 

Lors de la precipitation au moyen du carbonate d’ammonium, 
Pentrainement du sel d’ammonium par le precipife ne gene pas, tant 
qu’il ne s’agit pas du chlorure d’ammonium. Ce dernier, toutefois, 
doit etre elimine du pr£cipite par un lavage parfait, sans quoi les 
valeurs trouvees pour le manganese deviennent trop basses, parce que 
dans ce cas Ie manganese se volatilise partiellement au cours de la 
calcination. 


D. Precipitation par le carbonate de guanidine. 

La guanidine se comporte tout-a-fait differemment que les reactifs 
precedents. Nos essais, dans lesquels nous avons employe une solution 
de iVO'tl environ, portaient sur la precipitation des sels de manga¬ 
nese par le carbonate de guanidine soit en l’absence de sels d’am¬ 
monium, soit en leur presence. Les resultats figurent dans le tableau 
D. Dans le filtrat on a recherche le manganese qualitativement, et 
1’on a regulierement pu constater sa presence. 


Tableau D. 


mg de Mn mis 


oeuvre 

mg de 
Mn s O, 


163-8 


162-3 

in 

o 

161-6 

do 

165-0 


164-2 


T rouve 

mg de % de 
Mn '' ■ Mn 

117*9 99*46 | 

116-8 98-55 f 

116-3 98-13 

118-8 100-17 ) 

118-2 9970 | 


Note 

Precipitation a froid. 

Precipitation a Pebullition, 

Precipitation suivant 
notre mode operatoire. 


Le tableau nous enseigne qu’on obtient de bons resultats en suivant 
la marche signalee plus haut. Si la precipitation n’est op£r€e qu’a froid, 
ou seulement a chaud, les chiffres obtenus sont de 1*5% environ 
plus bas. Toutes choses egales d’ailleurs, le procede donne de bons 
resultats en 1’absence de sels d’ammonium. 
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£),. Precipitation par le carbonate de guanidine 
en presence de seis d’ammonium. 

Operee en presence de chlorure et de sulfate d’ammonium, elle 
a donne les resultats reunis dans le tableau D r : 


Tableau D 1 . 


> s a 

■ <D w 


T r o u v e 


Concentration 

approximative 

Le filtrat coniient 

B * g 
| = 3 

mg de 

mg de 

"/„ de 

' Cl 

(NHM 

mg de mi/ de 

% de 


Mu 

Mn 

xe 4 

SO, 

MhM, Mh 

Mu 

118-65 

162-8 

117-2 

98-86 

n 0-46 


3-6 2-15 

2i8 

118-65 

154-6 

111-3 

93-88 

n 0-46 


| le manganese a 

ete de- 

118-65 

162-2 

116-8 

98-49 


n 0-37 

| termine qualitativement 


Nous y observons que la presence de sels d’ammonium exerce 
une influence defavorable. A chaud, le carbonate de guanidine iibere 
du sel ammonique de 1’ammoniac qui, en commun avec le sel am- 
monique en exces, retient une partie du manganese dans la solution, 
et cela a 1’etat d’un sel double. Plus grand est l’exces d’agent preci¬ 
pitant (voir l’essai 2 du tableau) et plus grande par consequent la 
quantite d’ammoniaque liberee, plus basses sont les valeurs obtenues 
pour le manganese. L’influence des sels d’ammonium lors de la preci¬ 
pitation au carbonate de guanidine est done juste l’inverse de ce 
qu’on observe pour le carbonate d’ammonium. 


E. Precipitation par le carbonate de lithium. 

Le carbonate de lithium differe des autres carbonates alcalins par 
son peu de solubilite. Les solutions chaudes perdent aisSment de l’acide 
carbontque, ce qui fait augmenter 1’aicalinite. Nous nous sommes 
servi d’un produit tout-a-fait pur en solution sensiblement N 0i4. Le 
precipite manganeux produit par ce reactif forme un precipite blanc, 
devenant assez rapidement brun au bain-marie. Le filtrat, par contre, 
ne brunit point, pas meme alors qu’on l’evapore jusqu’a siccite. 

Le filtrat est presque rSgulierement exempt de manganese, dans 
tres peu de cas on a pu en deceler des traces ne depassant jamais 
0-1 mg. 

[Le tableau E donne les resultats de ces precipitations.] 
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Tableau E. 


mg de 
Mn mis 
en 

oeuvre 

118*65 

118*65 

118*65 

118*65 

118*65 

118*65 



T r o 

u v e 


mg de 
3 /h 3 0, 

mg de 
MnSO ., 

mg 

de kn 

de Mu 

166-6 


119-9 

101-09 

1600 


119-5 

100-75 


329-6 

119-8 

101-01 

166-0 

328-5 

1194 

100-67 

166-4 


119-8 

101-01 

166-2 


1196 

100-92 

165-8 


119-4 

100-68 




100-90 


Note 


L’oxyde Mn^O s traite a Fean 
pin's recalcine, pese 160 0 mg, 
L’exirait renferme des traces'de 
Li et de Xa, Transforme en 
chlorure, le residu repond a 
6 X 10 " de Li, 

Dans les 328*5 mg de MnS0 A mis 
en oeuvre, on a pu constafer du 
lithium. 


L’oxyde de Mn 3 0 i a ete traite 
a Facide acetique, filtre a nou¬ 
veau. II pesait 164*6 mg, ce qui 
repond a 118*5 mg de Mn; tine 
partie de manganese etde lithium 
passe dans la solution acetique. 


On voit dans ce tableau que la proportion de manganese trouve 
est en moyenne de 100-9%. 

1! sera pent etre interessant de faire remarquer que le manganese 
du filtrat ne se laisse pas constater par la coloration verte lors de 
l’essai par fusion. En presence de lithium il se forme en effet, lors de la 
fusion sur platine avec le melange habitue! de carbonate alcalin et 
de salpetre, une masse fondue jaunatre qui masque la coloration fai- 
blement verte due a de faibles quantites de manganese. II faut extraire 
la massefondue par I’eau, faire bouillir 1’extraitavec del’eau oxyggnee, fil- 
trer, calciner, puis refondre. C’est alors seulement qu’apparait la coloration 
verte en presence de manganese, et c’est ainsi que nous procedions 
regulierement lors de la recherche du manganese £ cote du lithium. 

Les r£suliats trop eleves dans la precipitation des sels de man¬ 
ganese par le carbonate de lithium sont dus a la retention de sels 
de lithium. Ces derniers se laissent, ii est vrai; enlever & l’oxyde Mn s 0 4 
par un traitement a l’acide acetique dilue, mais dans ce cas il y a, 
en revanche, dissolution d’un peu de manganese. Parmi les carbonates 
employes jusqu’ici k pr^cipiter le manganese, le carbonate de lithium 
donne les valeurs les plus elevees sans que les ©rats conferment 
du manganese. Si Ton precipite a froid et qu’on filtre sans maintenir 
le precipite au bain-marie, ou si l’on op£re!a precipitation k ehaud et 
qu’on filtre immediatement, on obtient des cMffres inf&ieurs aux 
chiffres thtoriques. C’est ce que fait voir le tableau E v 
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Tableau E v 


mg de 

3/m inis 


T r o u v e 


Note 


mi) de 


% 

en 

mg 

caiivre 

.lbi-0, 

de Mn 

de Mu, 


118*65 

160-3 

115-4 

97-33 j 

Precipitation a froid, filtration apres 
2 heures de repos. 

118*65 

161-8 

116-5 

98-25 { 

Precipitation a chaud, filtration 
immediate. 


Le filtrat renferme du manganese, ce qui se trahit deja au cours 
de l’evaporation par un brunissement et la formation d’un trouble. 
II en resuite que la totalite du manganese ne precipite que dans le 
cas ou le precipite carbonate a ete maintenu au bain-marie pendant 
un temps prolonge, ce qui produit un brunissement. Pendant son se- 
jour au bain-marie, le carbonate de lithium perd une partie de son 
acide carbonique, et i! y a augmentation de la teneur en ions OH' qui, 
en presence de I’oxygene atmospherique accelerent la separation du 
manganese residuel a 1’etat d’un oxyde superieur. 

Le precipite de carbonate de manganese retient regulierement des 
sets de lithium. On ne peut les ecarter, pas meme par un lavage avec 
une solution a 5°/ 0 d’azotate d’ammonium prealablement neutralisee, 
au rouge methyle, par de 1’ammoniaque. Pendant le lavage, le car¬ 
bonate de manganese se dissout partiellement, les eaux de lavage en 
contiennent done, alors que le filtrat direct est exempt de manganese. 
Les experiences faites k ce sujet se trouvent dans le tableau E 2 - 


Tableau E 2 . 


mg de 
Mn mis 
en 


T r o u v € 


Le filtrat renferme 

mg de 

mg de 

% de 

mg de mg de % de 

oeuvre 

Mn 3 O f 

Mn 

Mn 

J/m,0 4 Mn Mn 

118*65 

140-4 

101-1 

85-25 

l le manganese a 
ete trouve qnali- 

118*65 

162-8 

117-2 

9886 

I tativement 

3-2 2-3 1-94 


Note 


Lavage au moyen d'un 
X U litre environ d'azo- 
tate d’ammonium. 

[ Lavage an moyen de 
! 100 ce, environ d’azota- 
[ te d’ammonmm a 5°/ 0 * 


L’ensemble des observations faites sur la precipitation des sels de 
manganese par le carbonate de lithium amene a la conclusion que ce 
carbonate ne dSterminerait pas non plus une precipitation quantitative 
du manganese s’il ne subissait pas si facilement l’hydrolyse a chaud. 
Les ions OH' en presence de Poxygene atmospherique, acc61ferent la 
separation du manganese du sel double aisement hydrofysable. C’est 
ce qui permet d’expliquer la retention du lithium par le precipite. 
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F. Precipitation par le carbonate de rubidium. 

Le comportement de ce carbonate d iff ere de celui observe pour 
le carbonate de lithium. Les precipitations ont £te effectuees en em- 
ployant une solution sensiblement jV 012 de produit Merck. Le pre- 
cipite de carbonate de manganese etait ici encore faiblement brunatre. 
Par contre l’oxyde Mn n 0 4 obtenu par calcination etait bien plus clair 
que celui qu’on obtient dans la precipitation au moyen de carbo¬ 
nate de lithium. Les resultats de ces essais figurent dans le tableau F. 

Tableau F. 

Note 

L’oxyde Mn 3 0 4 calcine con¬ 
sent des traces de Mb et 
presente une reaction fai¬ 
blement alcaline. 

j Le manganese L’oxyde a ete traite 

710 98*6 7L0 100 ! a 6te constate par l’eau, puis recalcine. II ne 

1 qualitativement contient plus de rubidium. 

On voit que les resultats sont excellents et que les filtrats ne renfer- 
ment que de faibles traces de manganese (Oi mg environ). En traitant 
l’oxyde ilf« 3 0 4 calcine par de 1’eau on ecarte ces traces de sel de rubidium 
et l’on obtient des valeurs theoriques. La precipitation des sels 
de manganese par le carbonate de rubidium est done pratiquement 
quantitative. 


»uj de Tronve 

Mn mis -■—— 


en 

mg de 

mg de 

de 

mg de 

mg de 

oeuvre 

Mn z 0.J 

Mn 

Mn 

Mn z Oi 

Mn 

71*0 

90*1 

71*3 

100-52 

0*2 

0*14 


Q. Precipitation par le carbonate de ccesium. 

Nous avons employe ici un produit Merck deliquescent au con¬ 
tact de Pair, et dont nous avons prepare une solution N 012. Le 
carbonate de manganese precipite est, ici encore, brunatre. Le filtrat 
ne se trouble ni brunit pendant i’evaporation. 


Tableau G. 


<u 

.2 > 
EJ •_! 

T 

r o u v 

e 

^ ! 8 

mg de . 
Mn s 0, 

mg 

de Mn 

0/ 

/o 

de Mn 

71-0 

98-6 

71*0 

100 

71-0 

98-5 

70*93 

99*91 


Le filtrat renferme 

mg de mg 
Mn s 0n de Mn 


Note 


0*8 


n - f L’oxyde 3/%() 4 calcine presente 
u 0 | tme reaction faiblement alcaline. 


L’oxyde Mn z 0 4 n’a ete pese 
qu’apres traitement a Fean. 
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Les resultats sont done tres satisfaisants, encore que le filtrat ren- 
ferme une petite quantite de manganese (0’5 mg environ) laquelle 
est superieure a celle qu’on observe dans la precipitation par le car¬ 
bonate de rubidium. 

H. Precipitation par le carbonate de thallium. 

Pour completer notre serie d’experiences, nous avons fait quelques 
essais avec ce carbonate. 11 n’appartient pas, il est vrai, dans la fa¬ 
mine des metaux alcalins, mais se rapproche cependant par certains 
caracteres etroitement du carbonate de potassium. 

Nos essais ont 6te faits en employant une solution N 0‘17 de 
produit Merck. Ajoutons que la solubilite du carbonate de thallium 
est relativement faible en comparaison des carbonates alcalins. Void 
les resultats de nos precipitations: 

Tableau H. 

my de T r o u v e 

-Vh mis --——-■ 

en mg de my' % 
oeuvre .l/ft.,0, de .!/« de Mn 

118-65 1666 119-9 101'09 
118-65 165-4 119-1 100'43 

Moyenne 100"76 

Les valeurs obtenues sont done trop elevees, bien que les filtrats 
contiennent en moyenne 1-39% de manganese. Le precipite de car¬ 
bonate retient une proportion considerable -de sel de thallium, et 
brunit. Le filtrat brunit egalement pendant I’evaporation et separe un 
trouble. Dans le filtrat, le manganese a ete d£termin6 comme d’habi- 
tude apres ecartement du thallium par I’hydrogene sulfure en milieu 
ac6tique. La precipitation du manganese au moyen de carbonate de 
thallium ne donne done pas de resultats satisfaisants. 

II ressort de notre etude que la separation du manganese par les 
carbonates de lithium ou de rubidium est praliquement quantitative. 
Les r&ultats obtenus en employant le carbonate de lithium sont un 
petit peu trop eleves par suite de la retention du sel de lithium. 
Des resultats th€oriques s’obtiennent en employant le carbonate de 
rubidium o« de ccesium; avec le carbonate d’ammonium les 

resultats sont exacts seulement entre certaines limites de concen¬ 
tration. 


Le filtrat contient 


mg de 

mg 

°/ 

/ 0 

Note 

Mn 2 0, { 

de Mn 

de Mn 

< L’oxyde Mn^O^ calcine 

1-8 

1-29 

1*09 j 

contient nettement du 
thallium. Le filtrat bru¬ 

2-8 

2-01 

1-70 | 

nit pendant Pevapora- 
l tion et devient trouble. 

Moyenne 1"39 
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Malgre les avantages des carbonates de lithium, de baryum et de 
coesium, nous ne croyons pas qu’on puisse les introduire dans la 
pratique analytique. 


Resume. 

Les auteurs etudient la precipitation du manganese d’une part 
par les carbonates solubles couramment employes (carbonates de so¬ 
dium, de potassium, d’ammonium, de guanidine), de 1’autre part par 
quelques autres (les carbonates de rubidium, de coesium, de lithium). 
Chez les deux premiers, on a pu constater, d’accord avec les indi¬ 
cations de la literature, qu’il s’agit de methodes de compensation 
grossiere. Dans le cas du carbonate d’ammonium, la presence de 
sels d’ammonium est indispensable pour une precipitation pratiquement 
quantitative du manganese. Lorsque i’exces d’agent precipitant est 
faible, on doit r£gler 1’alcalinite de la solution (due a 1’ammoniaque) 
suivant la concentration du sel d’ammonium ajoute [NH^d, NHiNO s , 
{NH^gSOt]. Cette alcalinite varie avec les divers sels d’ammonium. 
Dans tous les cas on peut deceler du manganese dans le filtrat. 

En consequence, la precipitation par le carbonate d’ammonium 
en presence d’une proportion inconnue d’autre sel d’ammonium est 
molns exacte que la precipitation au moyen des carbonates de so¬ 
dium ou de potassium. La precipitation par le carbonate de guani¬ 
dine n’est quantitative qu’en 1’absence de sels d’ammonium, si toute- 
fois on suit la marche elaboree par les auteurs. Le carbonate de 
lithium separe le manganese quantitativement d’une part a 1’etat de 
carbonate, de l^autre part, sous forme d’un hydroxyde sup£rieur de 
manganese. Le precipM retient un petit peu de lithine. Par conse¬ 
quent, les valeurs obtenues pour le manganese sont d’environ 1% 
superieures aux valeurs th£oriques. Les carbonates de rubidium et de 
coesium separent le manganese pratiquement quantitativement, sans 
adsorption trop sensible de sels alcalins. Dans les flltrats toutefois, 
on peut constater la presence de manganese. La separation du man¬ 
ganese par le carbonate de thallium est inutilisable au point de vue 
de l’analyse quantitative. 


Institut de Chimie analytique 
et de Bromatologie & Vticole 
Polytechnique tcheque de Prngtie 
(Tchecoslovaqute). 
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ON THE WAVE-LENGTH AND STRUCTURE OF THE 
/C-ABSORPTION EDGE OF COBALT*) 

by M. A. VALOUCH. 

Introduction. 

The subject of this experimental study is the influence of chemical 
binding on the wave-length and structure of the X-ray absorption 
edge in the X-spectrum of cobalt (atomic number 27). The position 
of the X-edge has only been once determined, without regards to 
the chemical state, by W. Duane and Kang-Fuh-Hu 1 ), who 
found its wave-length, l K , 1601 - 8 X. U. 

In this range of wave lengths X-rays are considerably absorbed 
in aqueous solutions and to a somewhat smaller extent in ethyl- 

alcoholic solutions, the absorption coefficient for water —, being 

8‘6. Yet thin layers of such solutions still allow to measure the ab¬ 
sorption. Considering the conspicuous difference in physical properties 
of alcoholic and aqueous cobaltous solutions, e. g. of their absorp¬ 
tion in the visible spectrum, a difference, however small, in the 
X-ray absorption edge should also be expected. 

Besides the colour change from pink, in dilute cobaltous aqueous 
solutions, to deep blue, in alcoholic solutions also the difference 
in the electrolytic deposition potentials 2 ) indicates that the ariartge- 
ment of the outer electrons in cobaltous ions is considerably different 
in the two solvents. According to the current views the distribution 
and energy of outer electrons is closely connected with that of the 
innermost electrons and hence all their energy changes must reflect 
themselves in the position of the absorption edges corresponding to 
their energy levels. For the verification of such influence cobalt 
happens to be very suitable not only that it shows very markedly the 
above mentioned differences due to solvation, but also that the wave- 

*) Published in Czech in the Publications of the Faculty of Science^ Charles 
Universityi No 82 (1928). 



length of its X-absorption edge still allows the presence of water or alco¬ 
hol without considerable absorption. Elements with smaller atomic num¬ 
bers than that of cobalt show more distinctly differences due to chemical 
binding in the absorption edge, yet this falls within the range of the ab¬ 
sorption due to water. On the other hand, in X-absorption edges of ele¬ 
ments with greater atomic numbers the absorption due to water does not 
interfere, yet the differences in wave-lengths due to different chemical 
binding become relatively extremely small to be followed experi¬ 
mentally; in such cases the L- or M -edges would be probably more 
suitable. Already for cobalt only small variations of the X-edge po¬ 
sition due to chemical binding are to be expected. To reveal them 
a large dispersion of the spectrograph has been used, giving T35 X. U. 
per Oi mm, and this record was enlarged in the ratio 1:50 by 
a microphotomer. 

A further aim of this work was to determine the difference of 
the X-edge due to the cobaltous ions from that due to cobalt in 
metallic state, analogously to what has been measured 8 ) for the series 
of elements starting from silicon (at. no. 14) to iron (at. no. 26), 
with the exception of argon (18) and scandium (21). The precise 
value of the cobalt X-absorption edge is, moreover, important for 
the calculation of the energies of the electron levels. As the cobaltous 
solutions present an ideally homogeneous absorption layer, the struc¬ 
ture of the edge may be thus suitably studied and compared with 
that of a metallic cobalt layer; also this investigation bas been car¬ 
ried out 


Experimental. 

The X-ray source was a metallic Coolidge tube specially con¬ 
structed by V. Dolejsek and the present author. The slit of this 
lamp, 0'1 mm wide, was covered by an aluminium foil ca. 0'01 mm 
in thickness. The lamp was fixed to a Siegbahn vacuum spectro¬ 
graph 4 ) of medium size, without precise scale, serving for a relative 
measure of wave-lengths. The position of the dark slide and crystal 
is read on a circular scale, divided in degrees, and may be estimated 
to a tenth by means of nonius. Since the rays here investigated are 
not absorbed by air, the spectrograph was not evacuated. 

In all exposures the anticathode consisted of copper, into the 
surface of which tungsten powder was rubbed in by an agate pistil to 
obtain a well marked line of reference on the plate. The absorption edge 
has been referred to the X-lines of copper and Z-lines of tungsten. The 
incrustation of tungsten increased, moreover, the intensity of the 
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white glow. The critical tension for the JC-series of cobalt amounts 
to 7*7 kilo-volt; the exposures were made under a tension of 12—13 
Kilo-volt; a current of 50 miiliamp. passed through the lamp. The 
duration of one exposure varied between one hour and twenty hours. 



Fig. 1. 


The absorption layer of cobaltous chloride solutions was 0-5 mm 
thick; it was contained in a specially constructed chamber (see Fig. 
1.), which consisted of two circular brass plates with openings 
5 X 17 mms in size; between the plates another plate 0 5 mm in 
thickness was placed, which has been cut by an opening of the same 
size as in the cover plates. This opening was covered from either 
side by very thin mica leaves (few thousanths of a mm) and thus 
formed the space to be filled with the solution. The three plates were 
screwed together by three screws and the back plate fastened to the 
screening slit which was placed in the spectrograph directly behind 
the slit of the lamp. The thickness used has been found most suitable 
from a series of various trials. 

To obtain the Z-absorption edge of metallic cobalt, this metal has 
been electroplated on a thin aluminium foil ca 007 mm thick. The 
foil was first washed in benzine, then in a solution of sodium hydro¬ 
xide and finally in distilled water. Then it was suspended in an 
aqueous solution of 5 gr cobaltous chloride and 5 gr of citric acid 
in 100 ccs of distilled water, which has been neutralized by sodium 
hydroxide. Several pieces of metallic cobalt suspended on a platinum 
wire served as anode. The current was modified by resistance to 
several milliamperes. Thus a very thin but quite homogeneous plating 
of cobalt has been obtained, amounting to few milligrams per cm sq. 
This film peels off easily if the foil is bent; here, however, this did 
not matter, since the foil was inserted between the two cover plates 
and screwed in flat, instead of the middle plate. 

In this work, great stress had to be laid on large dispersion and 
a suitable angle of incidence. A crystal of sphalerite (zinc sulphide) 
has been used as the grating, the constant of which determined 
A. Pavelka 5 ) as 2d = 3*827 A, i. e. very near to that of diamond. 
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The most suitable angle of incidence near 1600 X. U. is in this case 
ca. 25°. This gives the dispersion of 1*35 X. U. per 0T mm, which 
was mentioned above. The sphalerite here employed, of Mexican 
origin, gave a powerful reflexion. 

The photographic plates used were Schleussner’s “Neo”, 
specially sensibilized for X rays and considerably desensibilized to the 
visible rays. The noxious effect of the emulsion grains, which appears 
in microphotographing the structure of edges, we tried to overcome 
by slow development. Indeed slow action of the metoladurol deve¬ 
loper with the addition of borax gave good results in this respect. The 
plates were microphotographed on Moll’s registering microphoto¬ 
meter, the ratio 1:50 being applied, so that 1 mm on the plates cor¬ 
responded to 5 cms on paper. 

The positions of the edges were measured on the photometric 
curves from the GuK a x line and were controlled by measurements 
on the plates with a Zeiss-Jena comparator. To obtain the great¬ 
est precision the lines GuKn x and WLa x were exposed, for com¬ 
parison, approximately on the same place of the plate as CoK and 
Cu K a x . Since the difference between the first two lines is almost 
equal to that between the absorption edge and the CuKa x line, 
linear interpolation may be used in this small range. The structure of 
the absorption edge was equally measured photometrically and was 
controlled by direct measurement on the plate with a transparent 
ruler. 

For photometry the middle part of the plate has always been 
used. From a great number of exposures and repeated microphoto¬ 
graphing from the same plates the error in measurement of the po¬ 
sition of the absorption edge could have been limited to 07 mm, 
which corresponds to 0014 mm on the plates. To obtain a precise 
comparison for the shifts of the absorption edge, several photome¬ 
tric curves from different plates were registered on one sheet of 
paper; on each paper also the distance of the lines GuK ctj and 
WLa x were microphotographed. The positions in the structure of 
the absorption edge are, owing to its diffuse character, less precisely 
defined, the experimental error amounting to 2—4 mms, which cor¬ 
responds to 0-04—0*08 mm on the plate. In such cases several photo¬ 
metric curves were obtained from various parts near the middle of 
each plate and the mean taken, to eliminate as much as possible the 
irregularities due to the grain. The fundamental wave-lengths used 
were: Gu Ka x = 1537-26 X. U«) and W La x — 1473-27 X. U. 7 ). 
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The cobaltous solutions investigated were a normal Co CL . 6 Il 2 0 
aqueous solution and an ethyl-alcoholic one of the same strength, 
i. e. containing 29-47 gr cobalt per litre; these gave the most distinct 
absorption structure. In the dimensions of the chamber these solutions 
had Vb mgr Co per 1 sq cm. 

The electrolytic deposition potentials of cobalt in these solutions 
were investigated by the polarographic arrangement and method of 
J. Heyrovsky 8 ). 


Results and discussion. 

The results of measurements, which were obtained as explained 
above, are given in Table I, where are Rydberg’s units, and the 

^ jf 

corresponding values in volts mean 13*54-^. In the last row the value 

li 

given by Duane and Kang-Fuh-Hu 1 ) is added: 

Vi vdt 

23-832 7690-4 

23-846 7699-2 

23-848 7700-8 

23-873 7716-5 

The value l K — 1604-4 X. U. obtained as the wave-length of the 
absorption edge due to the metal differs thus by 2-6 X. U. from the 

value found by Duane and Hu; it is, however, very near to the 

wave-length of the absorption edge of cobalt in cobaltous solutions, 
which suggests that these authors have used cobalt in solution. In 
their communication no details are given of the material used; the 
measurements they carried out by the ionization method. Also results 
for the if-edges of other elements, chromium, manganese and iron, 
appear 1'8 to 4-0 X. U. greater than the more recent values of Lindh 8 ), 
who used the elements in metallic state; this again shows that 
Duane and Hu probably investigated solutions. Our value fits better 
the scheme of energies of the Z-edges of neighbouring elements. 

B. Walter®) gives in his communication on the energies of 
electronic levels an empirical formula, according to which the wave¬ 
length of the Z-edge may be calculated from the wave-length of the 
hardest Z-series line, Zfe: 

(il“ where ^O-dO^-22,. 


Table I. 


Chemical « r 

, , _ “V 77 


state 

a k 


C'oi metallic. 

. 1604-4 

567-98 

CoCl 2 . 6 U 2 0 in alcohol . 

. 1602-6 

568-66 

CoCl 2 . 6 H 2 0 in water . . 

. 1602-2 

568-76 

C0. 2 Duane-Hu . . . . 

. 1601-8 

568-90 
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By means of this formula he calculates from the wave-length of 
the Col Kh = 1605-4 X. U., as found by M.Siegbahn and V. Dolej- 
sek 6 ), the wave-length of the GoK-t dge l K — 1604*5 X. U., which is in 
good agreement with the value found in this investigation. 

We are now able to construct, to a certain degree, the scheme of 
the level-energies basing on the wave-length values of the emission 
lines as given by M. Siegbahn and V. Dolejsek 0 ) in the iC-series, 
and by M. Thoraeus 10 ) in the L-series. A similar scheme has been 
worked out by Thoraeus, based, however, on the number 

|-4j = 568-24, which was derived from a hitherto unpublished 

value found by E. A s e. Since this number is somewhat different from 
that found by the present authors, a recalculation is given in Table 
II. according to the theoretical scheme of levels; comp. e. g. M. 
S iegbah n Spektroskopie der Rontgenstrahlen p. 168). 




Table 11. 



level 

calculated as 

V 

It 

u 

volt 

K 


567-98 

23832 

7690-4 

4 





4. 

K — Ka 2 

58*78 

7667 

795-9 

L m 

K- Ka x 

57-54 

7-585 

779-1 

Mi 

4i — Lrj 

7-48 

2*735 

1013 


7-44 

2-728 

100-7 

J 4,tn 

K—K^ 

4-47 

2-114 

60-5 

*iv 

L u - IA 

0-48 

0-693 

6-5 

3f v 

L m La i , 3 

0-34 

0-583 

4-6 


From Table I the influence of chemical binding on the wave¬ 
length of the if-absorption edge becomes evident. The differences 
between the value for Co and that for Co+ + in aqueous and in alco¬ 
holic solution are 2*2 and 1’8X. U. resp. These differences are almost 
equal to those observed by Lindh 3 ) in the case of Fe (metallic) 
and Fe+ + in sulphate and sulphide, which are 1*6 and 2 2 X. U.. resp. 
These similarities are not surprising in a group of elements as re¬ 
lated as iron and cobalt. 

The expected influence of solvation is shown by the shift of 
0*4 X. U, the JC-edge being shifted to the harder rays in aqueous 
solution. As this number is already near to the experimental error. 
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no quantitative deduction can be drawn as to the energy of solva¬ 
tion. However, a connection of a qualitative nature may be pointed 
out to the electrolytic “deposition potentials”, which is derived from 
current-voltage curves obtained in J. Heyrovsk^’s 8 ) electrolysis 
with the dropping mercury kathode. Fig. 2. reproduces the current- 
voltage or “polarographic” curves, obtained with the automatically 
recording machine the “poiarograph”, in electrolysis of normal solu¬ 
tions of CoClc .. 6 H 2 0. We observe that the deposition of cobalt 



Solution n. CuCl, .6 HJJ: I in alcohol, 

II in water. 

Sensitivity of galvanometer 37 X 10 ~ 8 am p./mm. 


from aqueous solution occurs at a potential by 0'1 volt more nega¬ 
tive than that of cobalt from alcoholic solution. Thermodynamically 
this means that the reduction of cobalt from aqueous ions requires 
greater energy than the reduction of cobalt from alcoholic ions; thus 
the binding of cobaltous ions to the solvent water is more firm than 
the binding in the alcoholic solution. Physically this is comprehen¬ 
sible by the greater polarity of water molecules which hydrate the 
ions, possessing a greater electric dipole moment, than the molecules 
of alcohol, which solvate cobaltous ions in the alcoholic solution. 

In virtue of this dipole action the ion Go++ is surrounded by 
firmly bound water molecules, the electric field of which dissipates 
the attractive forces which bind the outer electrons to the nucleus 
of the cobalt atom. This influence removes the screening action, 
which the outer electrons produce on the attraction of the electrons 



212 


in the A’-level and thus the A-electrons are more firmly bound to 
the nucleus than in the unhydrated ions. Therefore the energy, ne¬ 
cessary for removal of the if-electrons out of their level, is greater 
in the hydrated ions and hence the if-absorption edge harder than 
it is the case in ions solvated by molecules of alcohol or in atoms 
not solvated at all (in metallic state). The solvating action is thus 
analogous to chemical binding, which is known to increase the at¬ 
traction of the AT-electrons by the removal of the outer (valency) 
electrons. Of course, the effects of solvation or hydration are less 
than those of chemical binding. 

The fine structure of the K-absorption edge. All spectrograms 
showing the absorption due to the cobaltous solutions, exhibit next 
to the chief edge a distinct structure extending towards shorter wave¬ 
lengths. A similar structure is visible in the absorption of metallic 
cobalt, yet with a relatively much less intensity. Thus even spec¬ 
trograms which showed the absorption edge of metallic cobalt gre¬ 
atly contrasting, had the fine structure much less distinctly developed 
than on spectrograms of cobaltous solutions, in which the edge itself 
was less pronounced. It is, however, not certain, whether this vari¬ 
ation of intensity in the edge structure is not due to experimental 
conditions, e. g. to the thickness of the absorbing layer. 



The appearance of the structure is as follows: Close to the 
JT-edge is a fairly sharp light line and next to this several diffuse 
dark lines alternating with light ones. These changes of intensity of 



blackening have to be ascribed to the structure of the edge, since in 
this particular range of wave-length no emission lines can appear. 

Moreover, the character of this structure is different in the edge 
of metallic cobalt from that shown in the edge of cobaltous solu¬ 
tions (see Figs. 3. and 4.). 



Fig. 4. 


In Table 111. the distances of the structure lines from the K- ab¬ 
sorption edge are given. 


Table III. 



CoCl 2 

s o 1 u t 

ions 

metallic 

Oj 

lines 

AX in 


A volt 

dl in 

: ■' -aE 

A volt 


X. U. 

It 

X. U. 

V 

A 

5*4 

1*89 

25*6 

2-7 

0-95 

12'9 

B 

11*5 

4*03 

54*6 

4-1 

1-44 

19-5 

C 

16*3 

5*71 

77*3 

6-8 

2-38 

32*2 

D 

— 

— 

— 

10-8 

3-78 

51*2 

E 

— 

— 

— 

14-9 

5-22 

70-7 

F 

— 

— 

— 

2T7 

7-60 

102-9 

O 

— 

— 

— 

25-7 

9-00 

1219 


A theoretical explanation of such a structure has not been given 
and will not be attempted here either. It seems, however, important 
to emphasize this new fact, that the Z-absorption edge of cobalt 
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possesses a complicated structure, whether due to the metallic or to 
the ionic state. From the experimental results hitherto obtained it is 
difficult to decide whether the fine structure of the edge is due to 
the internal atomic structure or caused by a secondary action of the 
X-rays, e. g. oxide film formation on metallic cobalt, being then due 
to the ionic form. 

Any differences in the structure of the absorption due to the 
aqueous solution from that due to the alcoholic solution could not 
have been observed with certainty, since the diffuse character of the 
lines did not allow precise determination. 

Therefore in Table III. merely the mean of the observations from 
the aqueous and alcoholic solutions was computed, although some in¬ 
distinct variations in the lines due to the two solutions are traceable. 
To decide this seems to be only the question of further experi¬ 
mental refinement of the method; analogous differences in the ab¬ 
sorption of lighter elements would be, no doubt, considerably easier 
to follow. 


Summary. 

The wave-length and structure of the X-ray X-absorption edge 
of the element cobalt has been investigated by the method of de 
Broglie. A Coolidge tube has been used as the source of X-rays, 
run by 12—13 kilovolts with an intensity of 50 milliamp. The expo¬ 
sures lasted 1 to 20 hours, the slit being 0*1 mtn wide. 

As absorbing material served an aluminium foil electro-plated with 
cobalt, or a 0 5 mm thick layer of a n. solution of OoCl 3 .6 X 2 0 in 
water and another in alcohol. 

The wave-length of the X-absorption edge of metallic cobalt is 
1604’4, of the alcoholic cobaltous solution 1602 - 6, and of the aqueous 
cobaltous solution 1602'2 X. U. The latter difference of 0 - 4 X. U. is 
ascribed to a different energy of hydration and of solvation by alcohol. 

A fine structure in the X-absorption edge of cobalt has been ob¬ 
served, which is different for metallic cobalt and for its solutions. 

The method seems especially suitable for the investigations of 
absorption edges. 


The Physico-chemical Institute, 
Charles - University, Prague. 



215 


L i t e r a t u r e. 

1 ) W. Duarte and Kang- Full -Hit: Physical R. 14, 516 (1919). 

2 ) R. Rrdicka: Collection 2, 489 (1930). 

3 ) J. Bergengren: ComptRend. 171 ,624 (1920), Z. Physik 3 , 247 (1920); A. E. 
Lindh: Compt Rend . 772, 1175 (1921); 775, 25 (1922); Dissert. Lund 1923; 
Z. Physik 6, 303 (1921), ibid. 31, 210 (1925); F. K. Richtmeyer: PhysicalR. 26, 
324 (1925); D. Coster: Z. Physik 25, 83 (1924); K. Chamberlain: Phy - 
szTyz/ i?. 25, 525 (1925); H. Fricke: Physical R. 16, 202 (1920); O. Stal¬ 
ling: Dissert Lund (1927); Y. Nishina : Phil. Mag. 49, 521 (1925); A. Lind¬ 
say- D. van Dyke: Physical R. 28, 613 (1926); D. Coster-J. H. van der 
Tunk: Z. Physik 37, 367 (1926). 

4 ) M. Siegbahn: Spektroskopie der Rontgenstraklen (1924). 

5 ) A. Pavelka: Rozpravy Ih tr. Ceske Akademie No 36 (1927). Bulletin intern, 
de l’Acad. des Sci. de Boheme 442 (1927). 

6 ) M. Siegbahn-V. Dolejsek: Z. Physik 10, 159(1922); A. Leide: Dissert 
Lund (1925). 

7 ) J. S. Rogers: Proc. Cambridge Phil. Soc. 21, 430 (1923). 

8 ) j. Heyrovsky and collaborators: Rec. trav. chim. 46, 488—608 (1925); Bull. 
Soc . Chim. 41, 1224 (1927). 

e ) B. Walter: Z. Physik 30, 354 (1924); D. Coster: ibid. 31, 898 (1925). 
la ) R. Thoraeus: Phil. Mag. 2, 1007 (1926). 



POLAROGRAPHIC STUDIES WITH THE DROPPING MER¬ 
CURY KATHODE. - PART XVIII. - AN INVESTIGATION 
OF SOAP SOLUTIONS 

by E. VARASOVA. 

Although this research has to be regarded as an applied one for 
problems of technical analysis of soap, results were encountered 
which seem to be of general interest and are therefore mentioned 
in this communication. 

As all practical polarographic investigations carried out by means 
of electrolysis with the dropping mercury kathode, this analysis also 
has been pursued in two directions: 

1. By a qualitative and quantitative search of electro-reducible 
substances present in solution, which are determined by the “depo¬ 
sition potentials” and by the height of diffusion currents observed 
on current-voltage curves. 

2. By the effect on the presence of surface active, i. e. adsorbable 
matter which acts in the kathodic interface by causing a lowering of 
the maxima observable on current-voltage curves. 

Analysis of electro-reducible substances, has been carried out in 
two manners. First 2— 5grs of ordinary (unscented) soap (mark 
“Schicht”) were burnt in a crucible and the residue evapourated 
to dryness after the addition of pure concentrated hydrochloric acid. 

Thus obtained chlorides were extracted by centinormal solutions of 
lithium chloride, lithium hydroxide, hydrochloric acid or by a mixture 
of lithium chloride with ammonium chloride. The current-voltage 
curves revealed only traces of lead and zinc and showed a larger 
amount of iron. However, the inconvenient burning and the presence 
of silicic acid were next avoided by another process of extraction 
consisting in repeated evaporation of the soap solution with concen¬ 
trated hydrochloric acid. The residue consisting of insoluble fatty 
adds and silicic acid, extracted with water gave a clear solution, which 
again showed iron as the chief mineral constituent, to an amount of 
ca. (FI:°/o> less in better sorts of soaps. The alkali metals showed on 



the curve a “wave” proportional to their concentration, tn a solution 
of soap in water the alkalinity could have been determined by 
titration with a standard acid and subsequent recording of the po- 
larographic curve. A slight excess of acid became in this titration 
visible from the curve by the appearance of the “wave” due to 
evolution of hydrogen and this indicated the end point of titration. 



This procedure was adapted for analysis of mineral constituents. 
Next, solutions were prepared to show the electro-reduction of organic 
substances. Since the chief reducible matter, which may here be 
encountered, is oleic acid, the electrochemical behaviour of this 
substance has been first investigated with the polarographic arrange¬ 
ment. Polarograrh T shows the effect of the addition of a O'l n. LiCl 
solution saturated with oleic acid to 20 ccs of a pure 0-1 n. LiCl so¬ 
lution, in the atmosphere of hydrogen. A “wave” proportional to the 
amount added appears as the suspension of oleic acid is gradually drop¬ 
ped to. As this “wave” starts at the kathodic potential of — 15 v., 
which is identical with the deposition potential of hydrions from a ca. 
10 -4 n. hydrion concentration, it is difficult to decide whether the 
electrode process consists merely of the deposition of hydrions or 
of the hydrogenation of the unsaturated linkage of oleic acid. Hence 
a solution of oleic acid in absolute alcohol has been gradually added 
to a dilute soap solution in mixture of 80% alcohol + 20% water. 

Polarogram 2 shows that these additions cause an increase of a new 
“wave”, which, however does not correspond in magnitude to the 
comparatively very large amount of oleic acid added. With the great 
sensitivity of this arrangement, if all oleic acid would be reduced, 
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the “wave” ought to be about hundred times larger. The increase 
of current cannot thus be ascribed to hydrogenation of oleic acid, 
but merely to the reduction of a reducible impurity contained in the 
oleic acid. 



Alcoholic solutions of soap showed, however, next to the latter 
“wave”, a prominent and characteristic one at a voltage ca. 0 - 6 v. 



Polarogram 3 shows the shape of this “wave” obtained in alcoholic 
soap solutions; the height of this wave is proportional to the content 
of soap. It appears, however, only after prolonged bubbling of hy¬ 
drogen through the solution and attains its full height after the solu¬ 
tion has been left standing one or two days in the atmosphere of 
hydrogen. 
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Closer examination has shown that this wave does not appear 
when .the soap solution is electrolyzed open to the air, further that 
it has nothing to do with the content of oxygen or traces of mercury 
in solution and, finally, that it is unchanged by heating the solution 
(Polarogram 4). The dimensions of this characteristic soap “wave” 
indicate that the matter here reduced amounts to about one percent 
in solid soap. 



The organic substance responsible for this electro-reduction is 
probably related to linolic or linolenic acid, since a wave of the same 
shape and position appears, if linolic acid is dropped into a 75% 
alcoholic solution. Quantitative relationships cannot be here applied, 
owing to the difficulties involved in the examination of linolic acid 
used, yet again, the dimension of the “wave” is here too small to 
account for the reduction of linolic acid. Probably a reducible impu¬ 
rity common to oleic acid is here encountered. 

Electrolysis of aqueous solutions of soap did not show any 
marked reduction on current-voltage curves; moreover, the curves 
were irregular, the dropping not constant and often even stopped. 
This has to be ascribed to the unsettled conditions in the colloidal 
soap solution, the heterogeneous particles of which often adhere to 
the tip of the capillary thus causing disturbances in the rate 
of dropping. 

The investigation of phenomena of adsorption, displayed at the drop^ 
ping mercury kathode in soap solutions, was carried out in electrolyzing 
solutions open to the air. Under these conditions the polarographic 
curve of a pure 0*004 n. KOH solution exhibits a prominent maxi. 


3 
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mum 1 ) due to the reduction of oxygen which is adsorbed at the 
mercury-solution interface. The height of this maximum is exceedingly 
sensitive to surface-active matter, which adsorbs at interfaces, since 
the adsorbable substances push out the adsorbed oxygen from in¬ 
terfaces, lessening thus the amount of reducible matter at the kat¬ 
hode; in this way the “adsorption current” due to atmospheric oxygen 
is depressed. 



An addition of a soap solution effects this perhaps in the greatest 
degree of all surface-active substances hitherto studied. Polarogram 5 
shows this effect, which is discernible even when 0'2 cc of a 0'Q01°/ 0 
soap solution is added to 20 ccs of 0‘004 n. NaOH ; the soap solution 
is in this dilution 0DQ001%, i. e. 10~ 5 g-r per 100 res of water (1 part 
for 10,000.000) or ca. IQ -6 molar. 

Freshly prepared soap solutions showed this suppressive effect 
in a greater degree than old ones; after warming the soap solution 
the effect also increased. 

The way, in which the maxima on current-voltage curves are 
depressed is also characteristic of soap solutions. The depression 
does not start at the top of the maximum but rather in the middle 
portion corresponding to a voltage not exceeding 06 volt. If the 
concentration of the electrolyte and of the added soap solution is 
small, the suppressive effect on the ascending part of maximum is 
so marked that a prominent discontinuity is hereby caused (see 
Polarogram 6); this is of the same shape as that caused by small 
concentrations of cyanide or iodide ions 1 ). Such a partial suppressive 

k ') E. Varasova: Collection 2, 8, 1930. 
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action has been explained by preferential adsorption of anions, which 
can adsorb only to an interface charged positively with respect to 
the “electrocapillary zero”, i. e. at kaihodic potentials more positive 
than —0'50 v. from the normal calomel potential. 



That this phenomenon also takes place in soap solutions is un¬ 
derstandable from the negative charge the adsorbable micellae carry and 
to which the suppressive action is due. Near the “electrocapillary 



zero”, when at the kathodic interface the electric charge changes in 
sign, the adsorption of negative particles, i. e. soap micellae, ceases 
and henceforth, at more negative potentials oxygen again may be 
adsorbed without interfering with the soap adsorption. 


3 * 
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Still more evident becomes the negative charge of the adsorbable 
matter contained in soap solutions if two maxima, 2 ) a positive and 
a negative one, are suppressed on one curve. Polarogram 7 is an 
illustration of this behaviour. The first maximum, due to the depo¬ 
sition of thallium, occurs at — CK25 v. from the normal calomel zero 
i. e. at a positive potential with respect to the “electrocapillary zero” 
(at — 056 v.); the second maximum, due to the deposition of barium 
starts at — T8 v. i. e. at a considerably more negative potential than 
that of the “electrocapillary zero”. Now soap solutions suppress only 
the first maximum, leaving the “negative” one almost unaffected. 

This points out that only on a positively charged interface the 
substance from a soap solution is adsorbed which must be, therefore, 
negatively charged. 

The author begs to express her indebtedness to the Masarykova 
Akademie Prdce (Masaryk Academy of Work) for a grant, which 
allowed to defray the expenses of this study as well as of that here 
previously published {Collection 2, 8, 1930). 

Received March 27th, 1930. The Physico-chemical Institute, 

Charles University, Prague. 


Summary. 

Soap solutions were investigated analytically using the polaro- 
graphic method by means of electrolysis with the dropping mercury 
kathode. 

Of the mineral constituents iron is easily traceable on current-vol¬ 
tage curves, whereas of organic reducible matter an unsaturated sub¬ 
stance, present in oleic and probably linolic acid, causes a characte¬ 
ristic »wave« at the kathodic potential of ca. — 0*6 v. 

The adsorbability of the soap micellae manifests itself polaro- 
graphically by prominent suppressive effects on the adsorption ma¬ 
xima of current, but only at kathodic potentials, which are more po¬ 
sitive than the »electrocapillary zero.* This proves the negative charge 
of the adsorptive micellae. 


*)J„ Heyrovsky-M. Dillinger: Collection 2, 626, 1930. 



ELECTROCHEMICAL AND SPECTRAL INVESTIGATIONS 
OF NICKEL CHLORIDE SOLUTIONS — PART I 

by M. PAVLIK. 

Nickel salts in solutions exhibit often anomalies e. g. in the 
electrolytic deposition, osmotic phenomena, absorption spectra, which 
seem to be due to changes of solvation of nickel ions. In this in¬ 
vestigation the state of nickel ions in various solutions has been 
studied by an optical and an electrochemical method. 

The optical method consisted in recording absorption spectra of 
nickel salt solutions obtained by means of an automatic apparatus 
registering extinction curves 1 ). The electrochemical investigation was 
based on the study of current-voltage curves obtained polarographi- 
cally with the electrolysis using the dropping mercury kathode 2 ). 

Electro-chemical research. 

Theoretical. The anomalous electrochemical behaviour of nickel 
is of a two-fold character. First, its kathodic potential of electro¬ 
deposition does not coincide with the electrolytic potential of nickel, 
in which respect nickel behaves similarly to iron and cobalt. This 
anomaly, termed “kathodic overvoltage”, may be, however,totally ascri¬ 
bed to the anomalous “surperactive” form, in which atoms of nickel 
— like those of iron 8 ) — are deposited. 4 ) Thus from this phenomenon 
of overvoltage no information can be gained about the state of nickel 
ions in solution. The other electrochemical anomaly observable with 
nickel electrodes consists in the fact that the electrode potential of 
nickel is not a strictly reversible function of the concentration of nickel 
ions. Although the recent investigation of Haring and Vanden 
Bose he 5 ) shows that in a small range of more concentrated solutions 
of nickel sulphate (0'05—0T5 molar) the electrolytic potential of 
nickel depends on the ionic concentration according to the usual 
logarithmic formula, this is by no means true for dilutd solutions. The 
best evidence for this anomaly furnish current-voltage curves obtained 
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by means of polarographic arrangement and due to electrolysis with 
the dropping mercury kathode. Whilst the “deposition potentials” 
of iron from ferrous solutions show regular shifts with dilution, viz. 
30 millivolts for a ten-fold ionic dilution 6 ), the shifts due to dilutions 
of solutions of nickel 7 ) or cobalt s ) are almost twice as great; more¬ 
over, the character of the bend on current-voltage curves is less 
steep and pronounced in the deposition of cobalt and nickel than 
in the case of iron, in which the bend has the shape of an expo¬ 
nential, theoretically expected 11 ) for reversible electro-deposition of 
nickel ions. 

The cause of the anomalous deposition shifts has been explained 8 ), 
in the case of cobalt, by the slow dehydration process of cobaltous 
ions which slackens their kathodic deposition. A similar conclusion 
has been arrived at also in the present work concerning anomalous 
deposition of nickel ions. 

Experimental. The usual polarographic apparature 10 ) has been 
used and the solutions freed from atmospheric oxygen. All additions 
of solutions to that investigated in the electrolytic vessel were made 
in the atmosphere of pure hydrogen. 11 ) When warm solutions were 
investigated, an oil-bath has been used, heated by resistance wire. 12 ) 
Mercury used for the anode layer has been added to solutions directly 
before electrolysis, after all air has been expelled, to avoid dissolution 
of mercury. 

Solutions were prepared generally from nickel chloride (Kahlbaum 
“pro analysi”), since chlorides keep up a constant potential of the 
mercury anode better than sulphates. 

The “deposition potential” was determined by the abscissa cor¬ 
responding to the point of contact of a 45% tangent to the current- 
voltage curve. The anode potential was measured against a normal, 
decinormal or centinormal calomel electrode, according to the strength 
of the solution used. 

The results. It was first ascertained, that the deposition potentials 
observed in aqueous solutions of pure nickel chloride are conside¬ 
rably greater than those expected according to the theoretical formula 
n — n' — 0’029 log c/e' v., this being in agreement with the obser¬ 
vations of N. V. Emelian ova 7 ). Thus in dilute solutions a ten-fold 
change in concentration caused a shift of 50 to 60 millivolts (Polaro- 
gram 1). Still greater are the shifts in very concentrated solutions; 
e. g. the deposition potential of 2-5 n. NiCl 2 is — 0'643 v., whereas 
that of 5 n. NiCh — 0'417 v.! 
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The character of the deposition bend on the curve changes also 
according to the concentration. The intensity, i, ought to increase 
with the kathodic potential, si, according to the formula s ) 

st — — 0*029 log i — const. 



Yet in n. NiC% the numerical coefficient, calculated from the form 
of the bend, is 0*062 and in 5 n. NiCL it is 0*035 to 0*040. 

Both the character of the bend, expressed in terms of the coef¬ 
ficient, as well as the corresponding deposition potential were the 
subjects of investigation in various solutions and at various tempe¬ 
ratures ; they were found to vary in a significant manner 8 ). 


Concentration 
of MC\; 

1 n. 

0*1 n. 

0*01 n. 

0*001 n. 


Deposition 
potential, .t : 

— 0*780 v* 

— 0*01 V, 

— 0*06 v* 

— 1*01 v. 
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Concentration of the solution: deposition «in volt: 


mvh 

— 0*78 

» + 3*2 n. CaCL 

— 0*70 

» 4- 4*8 n. » 

— 0*52 

+ 6*4 n. » 

— 0*50 

+ 9*6 n. •> 

— 0*47 

-•> +12*8 n. 

— 0*38 

EiCl 2 + 3*2 n. LiCl 

-0*51 

» +4*8 n. » 

- 0*47 

» + 6*4 n. » 

-0*39 

MCk + 6*4 n. ECl 

— 0*50 

NiCl 2 + 6*4 m. glycerin 

— 0*72 

NiCl 2 + 6*4 m. methylalcohol 

— 0*85 

Nidi + 6*4 m. ethylalcohol 

-0*88 


All these measurements were made at room-temperature with the 
sensitivity of the galvanometer 10~ 8 . 

Similar determinations were made with concentrated solutions of 
calcium chloride and lithium chloride, containing nickel chloride in 
small concentrations. The “deposition potential” of nickel became 
always the more positive the greater the total concentration of the salt 
Next the shifts of the deposition potential of nickel were deter¬ 
mined in the presence of large amounts of calcium and lithium chloride. 

Some of the results here given show the influence of the increase 
of concentration on the magnitude of shifts due to a ten-fold dilu¬ 
tion of nickel ions: 


7t 


In 0*01 

n. KCl: 2 38.10-1 n .MCI, 

— 0*842 v. 


238.10-2 n . » 

— 0*896 v. 


2-38.10-3 n . 

-0*950 v. 


thus the shifts of deposition are: 0*054 

V. 

In 15 n. CaOlt : 238.10— i n. NiCl t 

— 0*460 v. 


2-38.10-2 n . » 

- 0*430 v. 


2-38.10-3 n. » 

-0*394 v. 


the shifts are: 0"036 and 0-030 v. 


In 6*4 

n. LiCl: 2-38.10-1 n. NiCl t 

- 0*434 v. 


238.10-2 n . » 

- 0*465 v. 


2-38.10-3 n. > 

— 0*504 v. 


the shifts are: 0*039 and 0*031 v. 


In 6*4 

n. LiCl: 4*76.10-2 n . mCl 2 

— 0*449 v. 


4*76.10-3 n. » 

- 0*492 v. 


4-76.10-4 n. » 

— 0*535 Vf 


the shifts are: 0*043 v. 
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vT 


CaCI 2 : 1*22.10-1 n. NiCL 

- 0*405 v. 

1-22.10-2 

— 0*438 v. 

1*22.10-3 n. • 

- 0*466 v. 

the shifts are: 0*028 and 0*034 1 

V. 

3*48.10-1 n. XiCl 

- 0*394 v. 

3*48.10-2 n. .> 

— 0*431 v. 

3*48. 10-3 n . » 

— 0*463 v. 


the shifts are: 0"032 and 0'037 v. 



Polarogram 2. 


Thus in the greatest concentrations the shifts of the deposition 
potential due to a ten fold dilution become 0-030 v. against 0060 v. 
observable in dilute solutions. The increase of the concentration of 
a dehydrating agent (like calcium or lithium chloride) produces more¬ 
over, on the curves a change of the character of the bend, shown 
in a sharper turning with a coefficient of 0-030 instead of 0-060 as 
observed in more dilute solutions (Polarogram 2). The change to 0-030 
begins in a ca. 7 n. CaCL solution and remains constant in the most 
concentrated solutions. 

Polarogram 3 shows this behaviour. Here a n. NiCl* solution was 
added, in an atmosphere of hydrogen, to an aqueous 6-4 n. C'aCL 
solution which contains also n. NiCl 2 , so that the n. NiCL was 
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gradually diluted as regards calcium chloride and after each addition the 
curve was obtained. The shift of the “deposition potential” to more 
negative values at increasing dilutions and the gradual change of the 
bend are well observable. 



The influence of temperature. 

If we ascribe the effects shown in great concentrations of dehy¬ 
drating agent as due to dehydration of nickel ions, we have to expect 
a similar effect in warm solutions, since rise in temperature opposes 
hydrate formation. The expected influence has indeed been ob¬ 
served. 

In these experiments the anode potential has not been measured; 
merely the "decomposition voltage” at which the bend occurs, was 
determined from current-voltage curves. The graphs Fig. 4. and 5. 
indicate how this voltage changes with temperature in various nickel 



chloride solutions in the presence of dehydrating agents. We observe 
clearly that at elevated temperatures, and in a strongly dehydrating 
medium already from the room-temperature onwards the “decompo¬ 
sition voltage” decreases linearly showing a constant temperature coeffi¬ 
cient. Polarogram 6 is adduced to show the change of the character and 



Temperature 

1. OT n. Nidi in 5,0 4. 2'5 n. XiCl, in 5,0 

2. 045 n. NiCl 2 in 5,0 5. 5 n. XiCL in B,0. 

3. n. XiCl, in 5,0 

Polarogram 4. 


the position of the bends with increase of temperature. The curves 
show the sharper bends with a coefficient the nearer to 0‘030, the 
more linear is the change of decomposition voltage with temperature. 
This voltage decreases considerably with increasing temperature only in 
dilute solutions. 
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The influence of hydrions. 

The influence of hydrions upon the electrolytic deposition of nickel 
has been closely investigated for the following reasons: 1. Solu¬ 
tions of nickel salts are somewhat hydrolysed; the products of hy¬ 
drolysis, viz. the hydrions and a basic salt, might both exert influence 
onfthe mode of electro-deposition of nickel 2. The “deposition po- 



1. n. Ni(Jl 2y 3-2 m. glycerine, H 2 0 

2. n. NiCl 2 > 6*4 m. glycerine, B 2 0 

3. n. NiCl iy 6*4 m. methyl alcohol, H 2 0 

4. n. NiCl 2 , 6*4 m. ethyl alcohol, H 2 0 

Polarogram 5. 

tentiaP of hydrogen is, at the dropping mercury kathode, only by few 
decivolts more negative than the “deposition potential” of nickel; 
hence it might be thought that nickel and hydrogen could, under 
certain conditions of concentrations, deposit simultaneously; also the 
possibility that the primary deposition of nickel might lower the over- 


5. 0*1 n. NiCl ly 13 n. (JaCl, y HJ) 

6. n. NiGl 2i 14 n. CaCl 2i ff 2 0 

7. 4*5 MCl 2y 14 n. QaCl ly 1U) 
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voltage of hydrogen, has to be taken into consideration. 3. In strong 
concentrations hydrions might act as dehydrating agent and lower 
thus the degree of hydration of nickel ions. 

That the third sort of influence really exists has already been 
mentioned in the study of N. V. Emelian ova 7 ) and has been 
confirmed in these measurements. Thus in presence of 6'4 n. Hf'l 



nickel deposits from n. Ni(Jl z at — 0'500 v., just as in presence of 
6 n. Cadiz, i. e. at a potential ca. 0*3 v„ more positive than from 
a pure n. Nidi solution. 

As to the point 2., however, no mutual influence of the deposition 
of nickel and hydrogen has been observed. The hydrogen deposition 
“wave” on the curve does not change the position nor dimension* 
when nickel salt is added. Thus the overvoltage of hydrogen at the 
dropping mercury kathode is not lessened by the primary deposition 
of nickel. To illustrate this, polarogram 7 is adduced. It might be 
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added, that in electrolysis at the dropping mercury kathode any 
influence of the deposition of one sort of ions on that of another never 
has been observed. In mixtures of salts the ionic “deposition poten¬ 
tials” remain always quite independently constant This has been 
especially thoroughly investigated by the present author in the mixt¬ 



ures containing the ions Co", NT, if, further by R. Brdicka in 
mixtures of ions Ni", Co", Fe", IF, and J. Prajzler in mixtures con¬ 
taining Zn", Ni", Co", Fe", Mn" (hitherto unpublished). 

However, careful observations of the bend due to the electro-de¬ 
position of nickel reveal small but distinct shifts towards more negative 
potentials effected by small additions of a dilute acid to a practically 
neutral dilute solution of nickel chloride. 

The bends on current-voltage curves due to electrolysis of n. or 
■0*1 n. MCl z solutions showed no shifts, when the solutions were 
gradually more and more acidified. But when to a 0‘01 n. solution of 
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nickel chloride, or to a more dilute one, acid is added to increase the 
hydrion concentration above millinormal, the shift of the “deposition 
potential” of nickel, n, becomes by several centi-volts more negative. 
Thus n in O'Ol n. NiCl a, 0*01 n. KOI is — 0*872 v. (observed with 1 / s sen¬ 
sitivity); after acidifying the solution to 2 X 10~ 2 n. HCl, 7t became 



— 0*906 v. The deposition bends observed on curves due to the aci¬ 
dified solution are not only replaced to the right hand side, but 
show at the same time a smoother and steeper procedure, the 
undulations — caused by dropping — being less pronounced. All this 
indicates that the deposition from an acidified solution proceeds more 
completely i. e. nearer to reversibility. 

Still more pronounced is this effect on curves obtained in 0*001 
n. NiCl % . Pofarogram 8. shows some of the curves due to this di¬ 
lution. The lowest curve shows the bend at — 0*905 v. (from the 
normal calomel zero); successive additions of the 0*01 n. E€l solution 
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effect a gradual shift till — 0968 v. reached in a concentration of 
hydrions 3 7 X 10~ 3 n. This position remains henceforth unchanged 
even when the acidity is increased considerably above the latter 
concentration of hydrions. 

Many similar experiments were made, always with the same 
results as described above. Additions of neutral salts, like those of 
potassium or lithium chloride, produced no effect. On the other hand 
a solution of aluminium chloride, acidic from hydrolysis, produces 
the same effect as a dilute solution of pure acid. 

Besides hydrochloric acid organic acids were tried. Of these acetic 
and propionic acid caused the displacement in the “deposition po¬ 
tential” of nickel ca. 50 millivolts, butyric ca. 35, valeric and oxalic 
acid ca. 20 millivolts. 

Theoretical discussion. 

The influence of increase of hydrions. Let us first explain the 
small displacement of the “deposition potential” of nickel to more 
negative values due to slight acidulation. The fact that this effect is 
observable only in dilute solutions suggests, that the small additions 
of acid remove some product of hydrolysis, which deposits at a more 
positive potential than that of ordinary, hydrated, nickel ions. 

Such products of hydrolysis can only be particles NiOH+ or 
Ni(0H). 2 . The polarographic method is sensitive enough to indicate 
the presence of undissociated molecules Ni(0H) z by an increase of 
current due to their reduction. We may expect that the electro-depo¬ 
sition of particles NiOH + or Ni(OH) 2 proceeds easier, since they 
must be less hydrated than the divalent nickel ions, the deposition 
of which seems hindered by their considerable degree of hydration 
(see below). A small amount of acid would then remove all these 
products of hydrolysis which deposit at a more positive potential and 
thus would cause negative deposition.*) Such a deposition of nickel 
from various sorts of particles occurring at different potentials is, 
however, only possible if these particles are not in a perfectly quick 
(mobile) equilibrium, otherwise all should deposit at the same voltage. 
Yet the study of electro-deposition at the dropping mercury kathode 
furnishes several examples 12 ), 18 ) that electro-reduction of a substance 
takes place at different potentials if in the solution several forms 
exist, between which equilibrium establishes but slowly. 

*) A similar phenomenon has been observed on the product of hydrolysis 
of cobaltous solutions by R. Brdicka (hitherto unpublished). 
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The action of dehydrating agents. Nickel, like cobalt, possesses — 
according to Werner’s theory of coordination — the ability to in¬ 
clude molecules of water in its “inner sphere of coordination”, forming 
e. g. [Ni(OH 2 ) B ]C%. In solution the ion [2Vj(0£r 2 ) 6 ]+ + is hydrated, bind¬ 
ing an indefinite number of water molecules to its surface. Now 
such fully hydrated particles will require certainly a greater expenditure 
of energy for kathodic deposition from solution, than particles partially 
hydrated, since first water molecules must be removed before the ion 
may deposit. This would explain, why in more concentrated solutions, 
where the activity of water is lessened, the “deposition potential” 
becomes considerably more positive. 

There is, however, a characteristic difference in the shape of the 
bend of the current-voltage curve at the “deposition potential” of 
nickel due to dilute solutions on one hand and those obtained in 
very concentrated solutions of calcium or lithium chloride on the 
other hand. In dilute solutions of nickel chloride and added electro¬ 
lyte the bend is extended to a bow of a coefficient much greater 
than G‘030, expected at the reversible deposition of divalent ions; 
moreover, the shifts of the deposition potential due to a ten-fold 
dilution of the nickel salt are often greater than 0’060 v., although 
0-030 v. should appear in the case of a divalent ion. However, in 
strongly concentrated solutions of calcium, lithium or hydrogen chlo¬ 
ride, the bend showing on the curve the deposition of nickel ions 
is sharp, with the exact theoretic coefficient 0*030 and shifting by 
0 030 v. when the nickel content is ten-times diluted. This points to 
a reversible, i. e. instantaneous establishing of equilibrium in the 
electrode process of metallic deposition. It is significant that elevation 
of temperature improves the character of “irreversible deposition” to 
that of a “reversible” one characterized by ideal current-voltage curves 
and accompanied by linear temperature coefficients of decomposition 
voltage, which are again thermodynamically expected if no chemical 
complication hinders the electrode process. 

To explain this change from the irreversible deposition to the 
reversible one the simultaneous action of the large mass of chloride 
ions and dehydration due to the mass of kations must be considered. 

Hereby are the hydrated nickel ions deprived of their water mo¬ 
lecules and chloride ions penetrate into the inner sphere of coordi¬ 
nation. Thus particles 2)1 are formed, in which the chloride 

ions are — in the sense of Fajans u ) — very deformable. Now in 
the strong electric field of the kathodic interface deformable ions 
must be more easily removable from the central nickel ion than the 


4 
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much less deformable water molecules or molecules of organic 
solvents. 

Indeed the form of the deposition bends observable on curves 
obtained in strongly concentrated solutions of alcohols or glycerin, 
bear the character of irreversible deposition (coefficient 0060 or great¬ 
er). Also in concentrated solutions of nitrates or sulphates of nickel 
in the presence of much calcium nitrate or lithium sulphate the bends 
remain “irreversible”, just as in dilute solutions. 

The slow rate of dehydration, which is here proposed to explain 
the small increase of current with increasing voltage, must however, 
depend on the applied E. M. F., otherwise the current would soon 
be limited by the possibly greatest rate of dehydration. Such influ¬ 
ence of the applied E. M. F. upon the rate of dehydration is easily 
comprehensible, if the electric field, acting upon the hydrated particles 
at the interface, helps to tear the dipole water molecules apart from 
the bare nickel kations, in virtue of the action of the interfacial 
potential gradient like in the case of molecules of mercury compounds 15 ) 
in electrolysis of e. g. mercuric cyanide. 

This explanation, proposed for anomalies observed in nickel solu¬ 
tions, is thus, on the whole, identical with that given in the case of 
similar anomalies encountered in cobaltous chloride solutions. 

A further similarity between the two elements will become obvi¬ 
ous in Part II. of these investigations, carried out with a spectro¬ 
scopic method, which will be described later on. 

Summary. 

Nickel has been found to deposit reversibly at the dropping mer¬ 
cury kathode only from solutions with a large concentration of cal¬ 
cium or lithium chloride (above 6-4 n.) at room-temperature or from 
less concentrated solutions at temperatures nearing 100° C. 

The kathodic deposition potential of nickel from solutions with 
great amounts of dehydrating chlorides added is by ca. 0’3 v. more 
positive than the potential at which nickel deposits from pure solu¬ 
tions with the same concentration of nickel salt. 

Hydrions do not interfere with the deposition of nickel, nor does 
the primary deposition of nickel at the dropping mercury kathode 
influence the overvoltage of hydrogen deposition. A slight influence 
of acidity noticeable on the bends of the current-voltage curves has 
been explained by the removal of the product of hydrolysis in dilute 
solutions of nickel chloride. 
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The irreversible deposition of nickel from dilute solutions is ex¬ 
plained by slow dehydration of nickel ions, which are hydrated even 
in the inner sphere of coordination, whereas the reversible deposition 
in very concentrated solutions of chlorides is supposed to take place 
from complexes , from which the deformable chloride ions 

are easily removed in the strong electric field of the kathodic interface. 

Received November 22 nd, 1Q30. 

The Physico-chemical Institute, 
Charles University, Prague. 
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MEW BOOKS, 


j. v. Dub sky: Selbstiatfge Flltrationsapparate (Automatic filtration 
apparatus) pp. 32, with [43 figures. Georg Thieme, Leipzig 1931, Price R, M. 3, 

The author has decided to publish this booklet in order to save trouble for 
many laboratory workers, who cannot afford the time to follow in the vast modern 
literature the development of requisite apparatus and often “discover” things already 
described elsewhere In a perhaps more perfect form. An ingenious original appa¬ 
ratus (p. 29), constructed by the author, is one of these rare cases of a real 
innovation, which even a very scrupulous perusal of literature cannot show as 
anticipated. 

The publication is adorned with careful drawings of some 30 types of various 
automatically working filtration apparatures. These are ordered systematically 
according to their mechanic principles and accompanied by precise data of their 
inventors, all possible modifications and re-inventions being mentioned. This book 
becomes thus the most complete bibliographical sketch, which in this branch is 
imaginable. 

We welcome this booklet for its admirable completeness and great practical 
value, wishing that more monographs of this kind treating of other laboratory 
apparatus might appear, following its example. O. Tomtcek . 

V. Kubelka und V. Neinec: Die quantitative Gerbmittelanafyse (Quan¬ 
titative analysis of tannins), Pp. IX and 121. — Wien, Verlag von Julius Springer, 

1930. - RM. 450. 

The authors hint in the preface at the difficulties arising at present in diffe¬ 
rent countries from the inconsistent prescriptions concerning the analysis of tannins. 
For this reason the authors consider in their booklet all original and official ana¬ 
lytical methods. 

In the first chapter the general procedure of the analysis of tannins is described ; 
whereas in the second, the drawing, storing and preserving of the samples is 
treated. 

In the third chapter the authors mention the preparation of the analytical 
solution and the procedure of grinding natural tannins. Dealing with the extraction 
of tannins, they define first the requirements as to the quality of distilled water 
and describe the usual forms of extracting apparatus and the precise manner of 
handling them. A table giving the amounts of the extracts to be dissolved in one 
litre of the analytical solution contains also synthetic tannins; the reviewer thinks, 
however, that the current method of analysis is not suitable for this group of 
tannins, 

The fourth chapter deals first with the determination of the density of the ex¬ 
tracts, for which purpose a pycnometer with a capillary stopper is recommended, 
but according to the, experience of the reviewer a pycnometer with a flat grinding 

cover glass Is better for liquid extracts. For dilute solutions,, e. g. the tan li- 
tp kw*» the densimeter Is quite sufficient In the direct estimation of water by drying, 
ytfte reviewer,thinks it absolutely necessary, after weighing the extract, to add so 
.that the extract can form a homogeneous layer on the 
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bottom of the dish. As to the estimation of ^insoluble 1 substances the authors 
point to the absurdity of it for colloidal solutions and give therefore only the 
current international prescriptions as precisely as possible in order to minimize 
the divergencies in the results of different analysts. For concentration experiments 
the authors recommend only the determination of the sediment volume, which is 
certainly sufficient. 

The fifth chapter written by the first of the authors is an excellent survey of 
all possible methods of estimating tannins. It shows clearly the difficulties of the 
subject and describes in detail especially the methods based on the indirect estim¬ 
ation of tannins* by means of the hide powder. Both leading procedures* the 
filter or mixing method and the shaking method, are described very fully, so that 
there is no danger of inconsistent analyses, if only the used hide powder answers 
the prescriptions. 

The sixth chapter is devoted first to the determination of sugars in tannins. 
The reviewer regrets that the precise elect roly tical method tor estimating copper 
is not mentioned. The authors describe further the determination of ashes in tan¬ 
nins, and in a part dealing with the estimation of colour of tannins the procedure 
with Lovibend's tintometer. In dealing with the estimation of acidity in tannin 
solutions the authors mention briefly the Kubelka-Wagner method. 

The last chapter contains examples of analytical calculations and hints as to 
the valuation of analyses. 

On the whole it may be said that the book treats the subject quite exhaust¬ 
ively. B. Kohler . 

R. Vondracek: IJvod do metafografie (Introduction to metallography). 
2nd. edition. Pp. VII and 135, 67 fig. and VII tables, 18X26, 5 erns. — Published 
by the Ceska Matice Technicka, Praha, F. Rivnac, 1930. — Kc 36. 

This is a revised and considerably enlarged edition of a work published 
first in 1920. 

In the preface the author says: »The first and main purpose of this book is 
to elucidate the fundamental notions and methods of metallography and to explain, 
how the results of metallographic research can be applied in technical practice, 
it matters a great deal for the reader to understand the theoretical principles of 
metallography and in using them to get accustomed to thinking precisely and re¬ 
liably without uncertain guesses about properties of metals, their working up and 
serviceability. A little imagination is, of course, not without use to the metallo¬ 
grapher, because he has often to infer from the mere microscopic texture of a 
metal the influences it probably underwent in its past. These inferences, however, 
must stand scientific criticism and should be as far as possible starting points for 
further tests to be carried out in order to corroborate those inferences.«■. 

The scope of the book can be described best by the author's own words on 
the aim of metallography: »In the present outline we conceive this science in a 
broad sense, comprising besides the description of the physical, chemical and techno¬ 
logical properties of metals and alloys and the methods for investigating these 
properties also the valuation and testing of these properties as to their practical 
applicability... Using the term » metallography« for the science of metals in this 
broader sense we differ from some older, especially German authors, who used 
this term above all for the investigation of the microscopic structure of alloys 
and the methods devised to this end, whereas other lines of research on metals 
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and alloys were denoted by them as -physics of metals*, ^science of metals« 
(Metallkunde) etc. The gradual change in the meaning of the word * metallography« 
is connected with the historical development of the subject, in the first phase of 
which the determination of the structure of alloys was indeed of principal import¬ 
ance, the microscopic and thermal analyses being the main working methods. 
Microscopy was soon valued also by technical practice as an important control 
for recognizing defects in metallic fabricates. Metallographic investigations have 
brought so much light into the theory and practice of the technological testing 
of metals and concerning the selection of efficient methods for working up and 
using of metals, that the boundaries of metallography were of necessity consider¬ 
ably extended. However, metallography itself needed also these different physical 
tests as e. g. measurements of strength, hardness, disability, electric conductivity 
and magnetic properties, in order to be able to solve its own problems. Metallo¬ 
graphy which would confine itself to a mere description of equilibrium diagrams 
of alloys and to microscopic technics would be also for technical purposes a very 
incomplete science.- 

The headings of the twenty three chapters which the book contains, are: 
Structure of metals. Crystallization. Cooling curves. Allotropy. Nature of alloys. 
Solidification of alloys. Eutectic system. Other modes of solidification. Alloys of 
iron and carbon. Technical kinds of the alloys of iron and carbon. Thermal 
treatment of metals and alloys, especially of steels. Volume relations. Mechanical 
properties; Electric and thermal conductivity of metallic substances. Magnetic pro¬ 
perties. Alloys of iron with other elements. Alloys of iron with manganese and 
nickel. Tool steels. Alloys of iron with chromium, tungsten, molybdenum and 
vanadium. Gases and slags in metals. Macroscopic tests. Chemical properties, 
corrosion and protection of metals. Copper and its alloys with non-metals and with 
lead. Brass, bronzes and other copper alloys. Aluminium and its alloys. Alloys 
of other metals. The aim and history of metallography. Literature. 

The book ends with a list of the usual etching reagents and a detailed index. 

Notwithstanding its wide scope and limited extent, the book is very com¬ 
pendious and well balanced, stress being laid on a careful exposition of the main 
principles and methods. The technically most important alloys are treated in con¬ 
siderable detail. In comparison with the first edition this one is thoroughly brought 
up to date both in the general as well as in the special part, many modem methods 
and, alloys being discussed. The reviewer would only recommend for a future 
edition to treat more fully the method of investigating metallic systems by means 
of X-rays. A reproduction of complete series of Roentgenograms of sections 
through a simple binary .system"would be very instructive. 

The forty microphotographs chosen carefully from literature and especially 
1 hteo from Prof. V o n d r a c e k’s own work are very well reproduced and their 
study is much facilitated by a separate, rather detailed description. 

Professor Vondracek is to be congratulated with this production placing 
isfb the hands, of'Students and teachers a manual of metallography which stands 
by tip means-behind'the foreign metallographies of similar extent, written by re¬ 
cognized authorities. ' A. Simek. 



ON THE DETERMINATION OF TRACES OF ELEMENTARY 
OXYGEN. - PART I 

by D F. NOVOTNY and F. TOUL.*) 

During our investigations of reactions, which take place under 
various conditions in gaseous mixtures of acetylene and nitrogen 
we had to verify their composition by a very careful preparation 
of both gases and to ascertain as much as possible their purity. In 
the case of nitrogen the nature of our experiments required absolute 
absence of free oxygen. We, therefore, proceeded to determine it by 
a special modification of the W i n k 1 e r- R o m i j i n l ) method for gaseous 
mixtures, further the Binder-Weinland 2 ) method, and finally the 
physico-chemical polarographic method of J. Heyrovsk^. 8 ) The 
procedure, according to the methods of Winkler-Romijin and 
Heyrovsk^ concerning qualitative and quantitative tests of oxygen, 
lead to quite agreeing negative results; but with the Binder.Wein- 
Iand method we met with some discordance, which induced us to 
pay much attention to this method, and to attempt to explain the 
ascertained divergences and elucidate their nature. Besides the above 
reasons, we were interested in the Binder-Weinland method on 
account of its being recommended in treatises on gas analysis. 4 ) The 
method has only been subjected to a critical investigation by Moser. 5 ) 
Although the principle is by the latter author considered to be correct, 
he still modifies it considerably according to his experiences, though 
it is not clear, wherein the improvement consists; he likewise (in 
agreement with our knowledge quoted below) pays attention to the 
preparation of hydrogen recommending also a more careful procedure 
in the preparation of reacting solutions and shows that the oxygen 
reaction is positive very often before applying to analysis. He gives 
also advice how to proceed in order to obtain a definite result Thus 
Moser’s work points out that the Binder-Weinland method as 
stated originally has a number of faults, which have to be explained. 

•) Presented before the Ceskd Abademie VM a (JmM (Czed* Amimy of 
Sciences and Arts) April 14, 1931. 

ft 
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In a designed apparature the authors dissoive (in an atmosphere 
of hydrogen) pyrocatechol and ferrous ammoniumsulphate in water 
entirely free from oxygen, and slightly acidified by sulphuric acid. 
After a prolonged bubbling with hydrogen freed from oxygen in an 
exactly prescribed manner, a certain amount of a dilute solution of 
potassium hydroxide, likewise free from oxygen, is added, until the 
reacting solution has a distinctly alkaline reaction. If all precautions 
are taken as in the work quoted above, the pyrocatechol ferrous acid 
has also to be free from ferric acid {Fe[C^HJ)^E^ even in alkaline 
medium and therefore the solution should remain colourless. By the 



introduction of the gas to be tested into solution a brilliant red 
colouration shall appear even in the presence of slightest traces of 
oxygen, either in the conduction capillary or at the surface of the 
solution, which is in contact with the gas in the apparatus. The re¬ 
sulting reaction can be formulated according to this equation: 

2 FeSO t + 6 CeM^OH \ + W KOH + Q = 

= 2 (FelC^O^Ks + 2 Z a S0 4 + 11 H 2 0. 

When applying this method to nitrogen which we have analysed, 
we at first worked precisely according to the directions of the authors; 
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however when constructing the apparatus (Fig. 1) we had to make 
a number of improvements and alterations, as according to our 
experience after preliminary experiments its construction does not 
allow guaranteed and definite results. 

in the first place, we did not connect the individual parts of the 
apparature merely by rubber tubing, but we constructed the whole 
apparature only from glass by fusing it together. We replaced the 
rubber stopper closing the cylindrical vessel Z, by a well fitting air 
tight unpolished glass-ground joint, which passed the T-tube and the 
capillary E. We arranged also the stopper of the T-tube by placing 
a doubly bored rubber stopper into its neck, through which entered 
the first tube for hydrogen extending to the tap B; through the 
other hole passed a tube bent at right angle, which led out super¬ 
fluous hydrogen through a small water-closing. Through these changes 
we ensured perfect airtightness of the apparature. In the tube itself 
there was in our arrangement, even with the interruption of passage 
only an atmosphere of hydrogen. 

Further we did not connect the tube with the analyzed gas in 
the primitive way of the authors, but by means of a three-way-tap, 
which reduced all errors arising from this operation, to a minimum. 
With such an apparature we first of all analyzed our nitrogen. 

For removal of oxygen we used purest nitrogen, chiefly for 
two reasons. First we did not trust entirely the purity of hydrogen, 
prepared according to the authors in Kipp’s apparatus and purified 
in two Drechsler wash-bottles by an alkaline solution of sodium 
hydrosulphite, prepared according to Franze; 6 ) secondly we ascer¬ 
tained from careful previous tests by the Winkler-Romijin and 
Heyrovsk^ methods, that the nitrogen in question does not contain 
any oxygen. By a number of experiments, however, it was proved, 
that the reaction is always positive i. e. that the very first drops of 
a solution of potassium hydroxide produce a red colouration in 
pyrocatechol, which after the change to the alkaline reaction becomes 
permanently red, and that by further bubbling its colour becomes 
even darker and darker. These surprising results led us to the con¬ 
clusion, that nitrogen, which possesses no reducing properties whatever, 
cannot remove absorbed oxygen, and for this reason, we proceeded 
to further experiments, in which we made use of hydrogen prepared 
according to the prescriptions of the authors for expelling the gas. 
The results were, however, even less satisfactory. 

To investigate this discordance, we first carried out an analysis 
of the reagents used, viz. pyrocatechol and ammonium ferrous- 

i* v ." '■ 



sulphate. Pyrocatechol in its purest commercial form (twice resublimed) 
quite answered our requirement, while ammonium ferrous-sulphate 
(Merck u zar Analyse'} contained in solution a small amount of 
ferric ions (colouring potassium sulphocyanate pale reddish). As it 
may be presumed, that hydrogen which is not in nascent state does 
not reduce traces of ferric ions, we made a few experiments to see 
whether the solution in the apparatus, before the admission of the 
gas to be analyzed, does not contain ferric ions. 

In the first series of experiments we added a small amount (about 
5%) of pure finely powdered zinc (Kahlbaum “zur Analyst), to 
the mixture of pyrocatechol and ammonium ferrous-sulphate, and an 
equivalent amount of ILSO 4 , *° water, in order that all zinc during 
the expulsion might dissolve, and the hydrogen in nascent state 
reduce ferric ions. The results, however, differred in no way from the 
previous ones. 

In the second series of experiments, we used instead of ammo¬ 
nium-ferrous-sulphate powdered iron (Ferrum reductum “zar Analyse'’) 
reduced again in pure and dry hydrogen. We mixed the necessary 
amount of this with pyrocatechol and dissolved it in a hydrogen 
atmosphere in sufficient amount of ca. 10% sulphuric acid previously 
freed from oxygen. In these cases also the oxygen test was positive. 

Finally we ascertained that the hydrogen was absolutely free from 
oxygen. A careful polarographic analysis made by means of the drop¬ 
ping mercury kathode showed that two hours after letting the Kipp’s 
apparatus work hydrogen does not contain oxygen and that, there¬ 
fore, the colouration cannot be due to its presence. 

As the discordances with the Binder-Weinland method can 
be due to faults in construction of the apparatus or in some reagents, 
we next tried to eliminate such possibilities. Besides the already men¬ 
tioned improved form of the Binder-Weinland apparatus, we 
always used for preliminary expelling perfectly pure and dry hydro¬ 
gen prepared in Kfepelka’s 7 ) original apparatus for atomic weight 
determinations. The gas obtained from pure zinc and distilled hydro¬ 
chloric acid passed first a system of Richard’s washers, filled 
gradually with an alkaline solution of sodium hydrosulphite and an 
alkaline solution of potassium plumbite (in all 5 vessels), further by 
a tube containing melted potassium hydroxide, in which hydrogen 
was partially dried and entered a porcelain pipe electrically heated 
to red heat and filed with platinum pumice and a copper spiral. 
From this it passed through three long tubes containing remelted 
potassium hydroxide and left the apparatus through a tap* Before use 
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the apparatus was left three hours In action in order to be thoroughly 
freed from air in all its parts; then it was connected to a Binder- 
Weinland apparatus and tested in the method prescribed with 
ammonium-ferrous-sulphate, and with reduced powdered iron. 

Even now, however, the red colouration appeared quite dearly 
immediately after the first drops of potassium hydroxide were added, 
but became lasting only after the change of the acidic medium into 
an alkaline one, i. e. after the dissolution of the primarily formed fine 
white precipitate of ferrous hydroxide. The tinge of the solution 
becomes, however, after total alkalization distinctly lighter than with 
hydrogen in the previous experiments. All the same we cannot sup¬ 
port the authors’ statement, that by following their instructions we 
can get none or only a pale rose colouration of the solution. At the 
same time the speed of darkening is considerably slower, so that only 
after 50 minutes we reach the same stage which appeared in the 
previous experiments already after 10 or 15 minutes. The same re¬ 
sults were obtained with hydrogen, prepared in an apparatus accord¬ 
ing to Tamele-Bayerle, 5 ) and also with nitrogen, which was 
added after a preliminary expulsion with pure hydrogen. For the 
sake of control a polarographic determination of both hydrogens 
(Kfepelka and Tamele-Bayerle) was made, with the greatest 
sensitivity of the galvanometer. The polarograms showed always 
negative results, i. e. absence of oxygen. 

Finally we attempted to seek the differences between the state¬ 
ments of the authors’ and our own experiences in the action of light 
which might oxidize in presence of pyrocatechol ferrous ions into 
ferric. An experiment was therefore made with pure hydrogen in 
absolute darkness (light was removed before the dissolution of the 
mixture) and hereby it could have been shown that a visible radia¬ 
tion had no influence on the speed of reaction. 

The presence of sulphur dioxide in the hydrogen used for ex¬ 
pulsion offers another possibility of explanation. If we use for zinc 
dissolution more concentrated hydrochloric acid in Kipp apparatus 
the gas carries with it a considerable quantity of hydrogen chloride 
which is either neutralized in an alkaline solution of sodium hydro¬ 
sulphite or liberates besides other substances sulphur dioxide. The 
procedure can be roughly denoted by the equations: 

2 HOI -f 2 Jfa 2 S 3 0 4 = Nc^S^ + 2S0 2 + U 2 0 + 2 NaCl 
Na s S 2 0 s = Na 2 S + S0 s + 0 

by which the oxygen evolved combines with superfluous hydrosulphite. 
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In order to investigate this possibility we added during the 
course of analysis to pure hydrogen a small amount of sulphur 
dioxide, prepared in the manner already described. The arrangement 
of the experiment is shown in Fig. 2. Hydrogen passes from the 
apparatus A to the T-tube, from where it can pass either to the 
funnel a, or to the second r-tube; through one arm it enters into 
the capillary of a Binder-Weinland apparatus and through the 
other is connected by means of a three-way tap K with the apparatus 
for sulphur dioxide. 



The latter consists of an Ostwald retort with a ground neck- 
joint provided with a tap and a side-tube fused to the funnel for 
equalization of pressure. The gas passes through a washer filled with 
sulphuric add and to a further apparature at the tap K. A solution 
of pure sodium sulphite with concentrated sulphuric acid was used 
for the preparation of sulphur dioxide, the reacting mixture being 
gently warmed on a water-bath. The procedure during the experi¬ 
ment was the following: After expelling air from the hydrogen 
apparatus, the Binder-Weinland apparatus was filled with the 
reacting mixture and the solution, and oxygen was driven out from 
alMhe conducting tubes as far as the tap K, after which the latter 
was turned off and the mixture dissolved under a constant passage 
of hydrogen. Meanwhile the Ostwald retort was filled and the 


apparatus for sulphur dioxide started working. The gas penetrated 
first through the washer and the tap £ to the outlet and after an 
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hour’s passage the reactive mixture was made aikaiine which caused 
the usual red colouration; thereupon a definite amount of sulphur 
dioxide was admitted to the apparatus. In a short time the mixture 
loses its colour entirely. After further addition of a solution of potas¬ 
sium hydroxide, the red colouration once more appears, but can be 
removed again by a further addition of S0 2 - After opening the vessel, 
it was, however, ascertained that the reaction became acid; the de¬ 
colouration is consequently, not an effect of reduction. Besides from 
analysis of hydrogen prepared according to the authors, we proved, 
that it only contains a small trace of sulphur dioxide, which in this 
concentration has probably no influence on the course of reaction. 

The above mentioned experiments and experiences thus show: 

I. The solution of ammonium ferrous sulphate in alkaline medi¬ 
um is always coloured red, and this tinge arising in an atmosphere 
free from oxygen, in the presence of pyrocatechol-ferric-acid, cannot 
be removed even by hydrogen in nascent state. 

II. This tinge is not caused by the presence of traces of oxygen 
in the gases, nor from other impurities. 

III. The analysis cannot be so arranged, that the oxygen test be 
negative before the admission of the gas investigated, no matter 
whether we use the apparature and reagents precisely according to 
the authors, or in an improved arrangement and with perfectly pure 
material. The method is, therefore, in no wise precisely reproducible. 
We cannot, however, explain our disagreement with the authors’ 
results shown in these two sets of experiments. 

IV. It is concluded, that the Binder-Weinland method is un¬ 
suitable for qualitative estimation of small amounts of oxygen, neither 
in the proposed form nor in an improved arrangement; all the less 
it is suitable for quantitative analysis. As the red colour of the re¬ 
acting solution is very sensitive to impurities and cannot be fixed 
in any way, it is impossible to use it for colorimetric tests in the 
way as the authors suggest. Thus it cannot be used succesfuily in 
gas analysis. We could also in our special case judge of the absence 
of oxygen in nitrogen mixtures by comparing the effect with that 
of hydrogen, which was beyond doubt free from oxygen. But in 
general such a comparison cannot be made. We therefore attempted 
to find for our purpose some other method, which would be free 
from faults and equally highly sensitive. We had in our minds 
chiefly the Winkler-Romijin method, which has a great adven- 
tage in its sensitivity, quantitative course and being thoroughly worked 
out,, not only by its authors, but also by all those, who have taken 
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serious interest in the analysis of water; one disadvantage remained 
for us, that its original and hitherto general use, concerned only 
oxygen dissolved in water and never in gaseous mixtures. We 
attempted therefore to apply the above-mentioned method for gase¬ 
ous mixtures. A large number of such experiments had been carried 
out previously. Lubberger 9 ) attempted to solve the problem, was 
however unable to complete it and was compelled to modify it 
considerably. He carried out the analyses in a Bunte burette, and 
after the reaction he titrated the contents of the burette in a vessel. 

The disadvantage of this method lies in the relatively small amount 
of analyzed gas taken for the work (ca 100 ccs), which does not 
allow sufficient reliability of the results in the presence of a small 
amount of oxygen. Besides this, the necessary reagents in aqueous. 
solution are not freed from absorbed oxygen, water being used 
according to O. Pfeiffer’s 10 ) method, in which oxygen in removed 
from water so inconveniently that is contaminated by foreign matter, 
which may considerably alter the course of the reaction. There is no 
objection to an approximate and chiefly qualitative analysis according 
to Lubberger, but it is unsuited for exact work. 

Chlopin 11 ) made a further attempt to apply Winkler-Ro mi jin’s 
method. By means of a quite simple apparatus he obtained fairly 
good results, but he made the controlling analyses only with air 
(oxygen contents ca 20%), without finding out how the method is 
suitable in the case of a small amount of oxygen. Likewise he does 
not say how sensitive it is. Objections may also be made against 
the method of preparing water for the required solutions. Chlopin 
quickly cools down water after prolonged boiling, in order to 
reduce as much as possible the reabsorption of oxygen from air, 
but does not remove its last traces before analysis by bubbling 
of hydrogen. 

Considering the above-mentioned objections, we decided to use 
again experimentally the relatively convenient and quick method of 
Winkler-Romijin, considering all the factors mentioned above, 
which may occasion approximative results, and chiefly with regard 
to testing of very small amounts of oxygen in gases. We made an 
advantageous use of the method for qualitative analysis of nitrogen; 
its definite working out, as wel! as experiments which bear on the 
quantitative tests, are the subject of our further investigations. 

This part of our studies for the estimation of traces of elementary 
oxygen in gases, the results of which we publish in advance, was 
estfrfcd out in the laboratory of Professor J. Kr epelka, who kindly 
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placed to our disposal not only the material required for experiments, 
but helped us in many difficulties of the problem. Our best thanks 
are due to him. 

The polarographic tests were made with the kind help of Dr, B, A. 
Oosman, to whom the authors are also indebted. 

Institute of Inorganic Chemistry, 
Charles' University, Prague. 
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SUR LE POUVOIR ROTATOIRE DE CERTAINES HYDRA- 
ZONES SUCR£ES EN RELATION AVEC LA STRUCTURE 
STERfiOCHIMIQUE AU CARBONE a 

par E. VOTOtEK, F. VALENTIN et O. LEMINGER. 

Les rapports entre la configuration des derives hydraziniques des 
sucres ou des acides derives des sucres ont plusieurs fois fait l’objet 
d’investigations. Les premieres observations a ce sujet sont dues 
a Levene et Hudson. 1 ) Ces savants americains constaterent en 
effet que celles parmi les phenylhydrazides qui sont dextrogyres, 
prtsentent leur oxhydryle a du c6te droit de la chaine carbonee 
conque verticale: 

CO.NH.NHC bH, 

! 

H—C—OH 

alors que celles qui possedent en a une configuration contraire, 
c’est-a-dire presenfent l’oxhydryle a du cote gauche: 

CO.NH.NHC e H & 

HO—C—H 

sont ltvogyres. 

La regie fut etendue par les chimistes hollandais Weermann, 2 ) 
van Wijk®) et M He van Marie 4 ) aux amides aldoniques et aux hydra- 
zides simples derivees de la diamide NH 2 .NH 2 . En d’autres termes, 
die fut confirmee d’une faqon gtnerale pour toutes les amides, qu’elles 
soient simples ou substitutes. 

D’autres observations rentrant dans le domaine qui nous occupe 
ont trait aux benzyiphtnylhydrazones sucrtes. En comparant le signe 
de rotation de 11 benzylphtnylhydrazones dece genre, M. Hudson 1 ) 
enteevit la regularity suivante: Celles, parmi ces hydrazones, dont 
1‘oxhydryle a etait a droite de la chaine sucree imaginee verticale: 
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ch=x.x 

\ 

H-O-OH 


^CJL. C,H:, 


tournaient h gauche, et, inversement, celles dont I'oxhydryie a etait 
a gauche, dtaient dextrogyres. 

Toutefois, la regie entrevue par M. Hudson etait loin d’etre 
verifi^e aussi exactement que l’avait ete la regie Levene-Hudson 
relative aux phenylhydrazides aldoniques, parce que les pouvoirs 
rotatoires des diverses hydrazones (tirees de la litterature respective) 
ne se rapportaient point a un meme solvant. Chez 6 des hydrazones 
cities, le solvant employe etait 1’alcool methylique, chez 2 hydrazones 
c’etait l’alcool ethylique, dans un autre cas c’etait meme la pyridine. 

Or 1’expdrience acquise a notre Iaboratoire au sujet de la rotation des 
hydrazones sucrees fait voir que le choix du solvant n’est pas sans in¬ 
fluence sur le pouvoir rotatoire, notamment que dans certains cas le signe 
de rotation peut devenir contraire pour la meme hydrazone dissoute 
dans 2 solvants differents. C’est ainsi que la mdthylphenylhydrazone 
de glucose, dextrogyre en solution dans l’alcool methylique, apparait 
levogyre dans d’autres solvants, comme par exemple dans l’alcool 
isopropylique et notaftiment dans la pyridine ou la quinoline. 

Un autre defaut des donnees numeriques dont M. Hudson d£- 
duisit la regularite signal de plus haut, c’est que les rotations en question 
ne spnt pas suffisamment definies, car il n’est pas indiqud dans tous 
les cas s’il s’agit du pouvoir rotatoire initial ou de celui qu’on observe 
au bout d’un temps suffisamment prolonge. D’aiileurs, M. Hudson 
se rend parfaitement compte de ces defauts en n’admetfant qu’une 
validity probable de la regie du signe de rotation des benzylphenylhydra- 
zones sucrees. II s’exprime en effet de la fagon suivante: »NeverthIess, 
the existing data indicate that such a relationship probably holds*. 
(Voir le tableau de M. Hudson, p. 252.) 

fitant donne que la determination du signe de rotation des ben- 
zylphdnylhydrazones sucrees peut servir comme auxiliaire lors de 
l’dtablissement de la configuration des sucres respectifs, nous avons 
entrepris d’etablir sur des donnees plus etendues si 1’observation de 
M. H u d so n constitue une veritable regie sterdochimico-optique ou non. 

A cet effet, nous avons tache d’augmenter avant tout le nombre 
des donnees experimentales par l’6tude d’autres benzylphenylhydra- 
zones sucrees appartenant aux series pentosique, methylpentosique, 
hexosique et meme heptonique, en employant pour tons nos essais 
un meme solvant, dans l’espece 1’alcool methylique. Nous avons 
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Tableau de M. Hudson. 


Benzylphenyi- 
hydrazone de: 

Position du 
groupe OH 
an carbone a 

Wd 

Solvant 

erythrose cl 
methyltetrose (de¬ 

a droite 

— 32*0° 

Alcool ethylique 

rive de rhamnose) 

! > 

— 6-5° 

» » 

arabinose 1 

3> 

— 12-1° 

Alcool methylique 

rhamnose l 

3> 

— 6‘4° 


glucose cl 

2> 

- 33-0° 

> 

gulose cl 


— 24-0® 

» » 

galactose cl 


— 17-2° 

> 2> 

erythrose l 

a gauche 

+ 32-8° 

Alcool ethylique 

lyxose cl 

% 

+ 26-4° 

> » 

fucose 

H 

+ 9-1° 

Pyridine 

mannose cl 


+ 29-8° 

Alcool methylique 


etendu ces mesures dans i’alcool methylique egalement aux hydra- 
zones dont le pouvoir rotatoire dans Ie tableau de M. Hudson se 
rapporte a d’autres solvants. Nos observations portent sur les sucres 
suivants: 1’arabinose 1 , 1’arabinose cl, le xylose cl, le lyxose d, le 
rhamnose l, le rhodeose, le fucose, le mannose d, le rhamnohexose 
a, le glucoheptose a. Dans tous ces cas, le signe de rotation a pu 
£tre trouve, indifferemment en solution fraiche ou vieille, en accord 
avec la deduction de M. Hudson, de sorte qu’il est plus Mgitime 
dordnavant de parler d’une regie de Hudson relative au signe de 
rotation des benzylphenylhydrazones sucrees. Void, a titre de docu¬ 
ment, le tableau suivant: 


Notre tableau 

des benzylphdn 

ylhydrazones 

sucrdes. 

Benzylphenyl- 

hydrazonede: 

Position du 
groupe OH 
au carbone a 

Wd 

initial 

Wd 

final 

Solvant 

arabinose d 

a gauche 

4- 9-3° 

+ 11-9° 

Alcool methylique 

arabinose 1 

a droite 

— 14-8° 

— 11-5° 

» 

» 

xylose d 

» 

— 20-3° 

— 20-3° 

» 


lyxose cl 

a gauche 

4- 22*8° 

+ 23-5° 

» 


rhamnose 1 

a droite 

— 10*4° 

— 7*4° 

» 


rhodeose 

* 

— 14-9° 

— 14-9° 

> 

> 

fucose 

a gauche 

_j_ i4-oo 

4 14-9° 

» 


mannose d 

.* 

4-23-1° 

+ 24-6° 

» 


e-rhamnohexose l 


+ 15-8° 

4-15-8° 

» 


a-glucoheptose i 

h droite 

— 21-6° 

— 22-2° 

1 , » 

> 
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II nous a paru interessant de rechercher si une regularity analogue 
apparaitrait £galement chez d’autres hydrazones secondaires, notamment 
celles renfermant un groupe alcoyle un peu lourd ou deux groupes aiyle. 
Dans ce but, nous avons soumis a l’etude les ethylphenylhydrazones, 
les butylphenylhydrazones et les diphenylhydrazones de differents 
sucres. Nous n’avons pas eu de peine a constater que le signe de rotation 
de ces hydrazones n’offre aucune regularity en ce qui concerne la po¬ 
sition sterique de I’hydrogene et de Poxhydryie lies au carbone a. 

Nous nous mimes ensuite k etudier les j>-chlorobenzy 1 phenylhy dra- 
zones et les dibenzylhydrazones sucrees. La premiere des hydrazines 
respectives n’est point decrite jusqu’ici dans la literature, et nous avons 
dfl la preparer d’abord, ce que nous avons realise en faisant agir le 
chlorure de p-chlorobenzoyle sur la ph6nylhydrazine. Dans la partie 
experimentale' de noire memoire nous donnons la description de la 
dite preparation, puis celle de quelques-uns de ses derives non sucres 
(les derives de benzaldehyde, d’acetone, de furfurol), enfin celle des 
p-chlorobenzylphenylhydrazones des sucres suivants: de l’arabinose Z, 
de i’arabinose d, du xylose d, du lyxose d, du ribose d, du fucose, du 
mannose d, du galactose d, du rhamnohexose a, du glucoheptose a. 

Chez toutes ces hydrazones s’est revelee, en solution dans 1’alcool 
methylique, une regie analogue a celle de M. Hudson, et les va- 
leurs numeriques des pouvoirs rotatoires etaient regulierement plus 
basses que pour les benzylphenylhydrazones simples, c’est-ci-dire non 
chlorees. Le tableau suivant resume les resultats obtenus: 


Tableau des ^-chiorobenzylphenylhydrazones sucrees. 


i>Chlorobenzyl- 

Position du 

1“1d 

initial 

Mo 

final 



phenylfrydrazone 

groupe OH 
au carbone a 

Solvant 


arabinose l 

a droite 

- 6-4° 

— 6’4° 

Alcool methylique 

arabinose d 

a gauche 

+ 2-8° 

4-28° 

2> 

> 

xylose d 

a droite 

— 27‘3° 

— 2V1° 


> 

lyxose d 

a gauche 

+ 20-6° 

4- 29-2° 


» 

ribose d 

a droite 

— 32-7° 

- 17-2° 

» 

» 

fucose d 

k gauche 

+ 8-9° 

4- 11-8° 

* 

> ' 

rhamnose "d 

a droite 

4- io-o° 

— 1-9° 

> 


glucose d 

> 

— 16*3° 

— 13-2° 

» 

> ' 

mannose d 

a gauche 

4- 22*4° 

4-12-9® 

> 

» 

galactose d 

& droite 

— 9-8° 

— 9‘8® 

> 1 ■ 

> ' ' 

a-rhamnohexose l 

ft gauche 

4- 8-9° 

4-10-0° 

> 


a-glucoheptose d 

a droite 

—13*5° 

— 13-5° 

' * ' .' 
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Enfin, nous avons recherche la regularity du signe de rotation 
chez 1’hydrazine deux fois benzylee {C 6 H r> . CH Z ) 2 N. NH%. Cette base 
est defa connue, mais on n’en avait point prepare jusqu’ici de de¬ 
rives sucres. Nous avons prepare les derives suivants: de l’arabinose 
?, de 1’arabinose A, du xylose it, du lyxose A, du ribose d, du rham- 
nose 1, du fucose, du rhodeose, du glucose d, du mannose cl, du 
galactose d, Ici encore s’est revelee une regie analogue a ceile qui 
est valable, ainsi que nous l’avons vu plus haut, pour les benzyl- 
phenylhydrazones et les p-chlorobenzylphenylhydrazones sucrees. 

Voici, reunis dans un tableau, les donntes numeriques relatives 
aux difftrentes dibenzylhydrazones: 


Tableau des dibenzylhydrazones sucrees. 


DibenzvI- 

Position du 

Wd 

initial 

Wd 

final 



hydrazone 
de: 

groupe OH 
au carbone u 


Solvant 

arabinose l 

a droite 

— 6-4° 

— 1'3° 

AIcool methylique 

arabinose A 

a gauche 

+ 4-0° 

+ 1-0° 

» 


xylose A 

a droite 

— 17-2° 

— 8'6° 


» 

lyxose A 

a gauche 

+ 18-4° 

_i_ 27*7° 



ribose A 

a droite 

— 20-9° 

— 15-2° 


* 

rhamnose 1 

» 

— 12-0° 

—10-3° 


» 

fucose 

rhodtose 

a gauche j 
a droite j 

trop faible 



glucose A 

» 

— 12-2° 

— 1*0° 

» 

» 

mannose A 

& gauche 

+ 14-6° 

-f 12-9° 



galactose A 

& droite 

— 6-0° 

— 4*3° 

$ 


a-rhamnohexose l 

kgauche 

+ 2-4° 

4- 2-4° 

* 

» 

a-glucoheptose cl 

a droite 

- 17-3° 

— 15-6° 

* 

» 


Le resultat des observations de M. Hudson et notamment des 
n&tres, que nous avons d’ailleurs l’intention d’etendre a d’autres derives 
benzyls de Phydrazine, peut gtre exprime par la regie que voici: 
Le group e benzyle des hydrazones sucrees determine une telle exaltation 
de la rotation du carbone a, que la configuration du reste de la chaine 
sucree ria pas dtinfluence sur le signe de rotation de Vhydrazone. 

B est d’ailleurs fort difficile d’expliquer pourquoi c’est pr6dst- 
ment le groupe benzyle qui produit une telle exaltation, alors que les 
groupes phenyle ou alcoyle ne la determined pas. 

- Nous tidierons d’tlucider ces questions en ttudiant d’autres by- 
drazones, d’une part substitutes dans le groupe benzyle, d’autre 
part reaferiiiaiit k la fois un radical aryle et uu radical aralooyle. 
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Partie exp^rimentale. 

Benzylphenylhydrazones. 

A l’exception du derive d’arabinose d, toutes ies benzyiphenylhydra- 
zones des sucres courants se trouvent decrites dans la literature. 5 ) 

Les produits temoins prepares a notre laboratoire concordaient 
dans leur point de fusion avec ies indications de la literature, Les 
seuls produits nouveaux sont: 

1. Le derive d’arabinose if quenous avons obtenuenchauffant 
0*2 gr de sucre, dissous dans 3 gouttes d’eau, avec 0*22 gr de benzyl- 
ph£nylhydrazine et 0'5 cc. d’alcool a 96%. Isol6 de la maniere habituelle, 
il fondait a la meme temperature (173°) qu’on indique pour le derive 
antipode (d’arabinose ordinaire). 

2. Le derive d’a-Z-rhamnohexose. Prepare de la faqon habi¬ 
tuelle il fondait entre 183 et 184°. II se laisse aisement cristalliser dans 
l’alcooi a 96% bouillant, dans Sequel il est assez difficilement soluble. 

Microdosage d’azote: 

Substance: 17*435 mgr-, N 2 1*13 cc. (742 mm, 21°). 

C w H 26 N 2 0 5 : Calcule N 7-49%. 

Trouve N 7'35%. 


/?-Chlorobenzylphdnylhydrazine. 


Cette base n’£tait pas connue jusqu’a present. Nous I’avons 
preparee en faisant agir 2 mol. de phenylhydrazine sur 1 mol. de 
chlorure de j>-chIorobenzyle: 


Cl-(^)-CH z Cl + 2 E Z N.NE- O 


ct-cycH S 

O' 


! >2V.A7f 3 


+ <Z>-nh.nh 2 .hcl 


Un melange de 55*1 gr de chlorure de p-chlorobenzyle et de 74 gr 
de phenylhydrazine a ete chauffe a reflux, pendant 6 heures, dans 
un bain d’huile 4 130—140°. A la masse solide le chlorhydrate 
de phenylhydrazine a ete enlevS par de 1’eau bouillante; le residu 
hufleux dtait constitue par de la j>-chlorobenzylph6nyIhydrazine 
brute. 11 a et6 transform^ au moyen d’acide chlorhydrique dilufi 
(2:1) en son chlorhydrate, qu’on a £tendu sur de la porcelaine de- 
gourdie, puis daircS plusieurs fois par de 1’acide chlorhydrique dilufi 
et, enin, lave plusieurs fois par de lather. Le chlorhydrate incolore 
pesait 65 gr. ' 
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Le chlorhydrate de p-chlorobenzylphenylhydrazine forme un corps 
cristaliise d’gclat soyeux. II s’hydrolyse forfement par l’eau chaude, 
qui separe d’abord un trouble laiteux, puis une huile de jp-chloro- 
benzylphenylhydrazine libre. Une hydrolyse perceptible a lieu meme 
sous Faction de I’eau froide, car la pate obtenue abandonne & l’ether 
une petite quantity de base libre. Dans Tether, le chlorhydrate est 
insoluble. II se laisse recristalliser dans Talcool k 96% chaud, mais 
le procedy n’est pas a recommander a cause de la solubility conside¬ 
rable du sel dans Talcool froid. 

Malgre Thydrolyse partielle, on peut operer une recristallisation 
partielle du sel dans Teau chaude. Pour cela, on ecarte la partie hui- 
leuse par filtration, apres quoi on additionne le filtrat d’un exces 
d’acide chlorhydrique concentre. Le chlorhydrate pur se depose alors 
sous forme de belles aiguilles longues, qu’on n’a plus qu’A laver par 
un peu d’eau et par de Tether. 

Dosage d’azote: 

Substance: 04086 N. z 9‘8 cc. (740 mm, 20°). 

C\ & H u N z Cl z : Calcule N 1045%. 

Trouve N 10'24%. 

Preparation de la base libre. — 65 gr de. chlorhydrate pur dans 
500 cc d’eau bouillante ont ete additionnes de 120 gr de soude caus- 
tique dans 250 cc. d’eau. La j)-chlorobenzylphenylhydrazine mise en 
liberty a ete epuisye a l’yther, sychye par de la potasse en grains, puis 
debarrassee de son solvant par distillation. L’operation a fourni 55 gr 
d’une huile qui s’est prise en une masse cristalline apres amorqage 
par des cristaux obtenus auparavant sur un verre de montre. Au 
bout de quelques jours, la masse a ete debarrassee du reste non 
soiidifie par extension sur de la porcelaine degourdie, ce qui a donne 
32 gr d'un produit cristaliise fondant a 41°. La purification ulterieure 
a yty opyr€e par plusieurs lavages avec de Tether de pytrole et dessio 
cation sur une assiette poreuse. Rendement: 30 gr. 

■La ^-chlorobenzyiphenylhydrazine est en cristaux incolores (com- 
posfe sous le microscope de formes prismatiques), fondant & 44°. A la 
Itimiere et au contact de Fair du laboratoire, elle prend peu ^ peu une 
teinte rose, puis brunatre, etfinit par se liquefier, c’est pourquoi il est 
A recommander qu’on lave le produit, de temps en temps, au moyen 
de Tether de pytrole. Elle est assez soluble dans Talcool et dans Tether 
de pytrole chauds; de ce dernier solvant elle se separe toutefois A i’ytat 
d’une huile, le point de fusion etant situy assez bas. L’yther de petrole 
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froid ne la dissout que ires peu. Dans 1 ether ordinaire la base est 
aisement soluble et en crisfallise par evaporation lente. 

Analyse: 

Substance: (V1816.gr; CO, 0*4455 gr; H,0 0*0920 gr. 

0*1134 gr ; At/Cl 0*0696 gr. 

0*1344 gr; K 2 14*95 cm z (732 mm, 20 n ). 

C ia H ls N,Gl: Calcule <7 67*07%, H 5*63%, X 12*05%, <3/15*25%. 

Trouve {766*91%, H 5*71%, if 12* 18%, 0/15*18%. 

Comme produit secondaire, il se forme lors de la preparation de 
la p-chlorobenzylph£nyIhydrazine la p-chlorobenzy!ph6nylhydrazone 
de p-chlorobenzaldehyde, ce qui est facile & expliquer: 

Une partie de chlorure de p-chlorobenzyle donne evidemment 
l’alcool correspondant, aisement oxydable en aldehyde p-chloro- 
benzo'fque. 11 se peut d’ailleurs que le chlorure de p-chlorobenzyle ren- 
ferme des traces de chlorure de p-chforobenzylidene. — Le produit 
secondaire se separe de 1’extrait ethere du chlorhydrate de p-chioroben- 
zylphenylhydrazine lors de l’evaporation lente & l’air. Les cristaux 
mous sont clairces au moyen d’alcool a 96%, puis recristallises dans 
ce raerae soivant. A l’etat pur ils sont faiblement jaunatres, micro- 
cristallins, et prfisentent le point de fusion 109°. 

Analyse: 

Substance: 0*1418 gr, CO, 0*3522 gr, H 2 0 0*0596 gr. 

0*1857 gr, CO, 0*4596 gr, j%0 0*0750gr. 

0*1787 gr, A r 2 12*8 c/re 8 (747 mm, 18°). 

0*3275 gr, if> 24*0 c/re 8 (744 mm, 18°). 

0 * 1177 gr, AgCl 0*0973 gr. 

0*1236 gr, AffCl 0*1028 gr. 

0*1130gr, AffCl 0*0939 gr. 

C 20 H ie N s Cl, : Calcule: C 67-60%, H 4*54%, N 7*89%, Cl 19*97%.. 

Trouv<§: I. C 67*74%, H 4*70%, if 8*10%, <32 20*46%; 

II. C 67*50%, H 4*52%, if 8*24%, Cl 20*57%, 

Cl 20*55%. 

Le compos ant p-chlorobenzald6hydique a 6te determine, en outre, 
par l’hydrolyse de Phydrazone: Dans une suspension de l*5g*rde sub¬ 
stance pulverisge dans 100 cc. d’acide sulfurique 4 50%, on a fait 
passer de la vapeur d’eau. Dans le tube du refrigerant il se d£posait 
des aiguilles blanches possedant une odeur d’amandes ameres et 
fondant entre 47 et 48°, ce qui concorde parfaitement avec la benzal- 
dehyde parachloree. 
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Le chlorhydrate de p-chlorobenzylphenylhydrazine forme un corps 
cristallisfi d’^clat soyeux. II s’hydrolyse fortement par 1’eau chaude, 
qui separe d’abord un trouble laiteux, puis une huile de |)-ch!oro- 
benzylphfinylhydrazine libre. Une hydrolyse perceptible a lieu meme 
sous Faction de 1’eau froide, car la pate obtenue abandonne a l’ether 
une petite quantity de base libre. Dans l’ether, le chlorhydrate est 
insoluble. 11 se laisse recristalliser dans l’alcool a 96% chaud, mais 
le proced6 n’est pas k recommander a cause de la solubility consid6- 
rable du sel dans l’alcool Froid. 

Malgre l’hydrolyse partielle, on peut operer une recristallisation 
partielle du sel dans l’eau chaude. Pour cela, on ycarte la partie hui- 
leuse par filtration, apres quoi on additionne le filtrat d’un exces 
d’acide chlorhydrique concentre. Le chlorhydrate pur se depose alors 
sous forme de belles aiguilles longues, qu’on n’a plus qu’ik laver par 
un peu d’eau et par de Fether. 

Dosage d’azote: 

Substance: 0i086 .gr, JV 2 9'8 cc. (740 mm, 20°). 

Calcule N 10-45%. 

Trouve A r 10-24%. 

Preparation de la base libre. — 65 gr de chlorhydrate pur dans 
500 cc. d’eau bouillante ont ete addiiionnes de 120 de soude caus- 
tique dans 250 cc. d’eau. La jj-chlorobenzylph&iylhydrazine mise en 
liberte a ete epuisye S l’yther, sychye par de la potasse en grains, puis 
debarrassee de son solvant par distillation. L’opyration a fourni 55 gr 
d’une huile qui s’est prise en une masse cristailine apres amorgage 
par des cristaux obtenus auparavant sur un verre de montre. Au 
bout de quelques jours, la masse a 6 t€ debarrassee du reste non 
solidifiy par extension sur de la porcelaine degourdie, ce qui a donnd 
32 gr d'un produit cristallise fondant a 41°. La purification ulterieure 
a yty operye par plusieurs lavages avec de l’ether de pytrole et dessic- 
cation sur une assiette poreuse. Rendement: 30 gr. 

La p-chlorobenzylphenylhydrazine est en cristaux incolores (com¬ 
poses sous le microscope de formes prismatiques), fondant ^ 44°. A la 
iumiere et au contact de Fair du laboratoire, elie prend peu a peu uije 
teinte rose, puis brunatre, et finit par se liquyfier, c’est pourquot il est 
k recommander qu’on lave le produit, de temps en temps, au moyen 
de fyther de pytrole. Elle est assez soluble dans Falcool et dans 1’yther 
de petrole chauds; de ce dernier solvant elle se separe toutefois k Pdtat 
tfune huile, le point de fusion etant situd assez bas, L’yther de pytrole 
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froid ne la dissout que ires peu, Dans 1’eiher ordinaire la base est 
aisement soluble et en cristallise par evaporation lente. 

Analyse: 

Substance: 0*1816 C0 2 0*4455 gr, £LO 0*0920 gr. 

0* 1134 gr, Ar/Cl 0*0696 gr. 

0*1344 gr, A T 2 14*95 cnfi (732 mm, 20 n ). 

C v M ls N»Cl: Calcule (7 67*07%, H 5*63%, A 12*05%,, 6715*25%. 

Trouve C 66*91%, 1/5*71%, A T 12*18%, 6715*18%. 

Comme produit secondaire, il se forme lors de la preparation de 
la j)-chlorobenzylphenylhydrazine la yj-chlorobenzylphenylhydrazone 
de ^-chlorobenzaldehyde, ce qui est facile a expliquer; 

Une partie de chlorure de jp-chlorobenzyle donne evidemment 
Faicool correspondant, aisement oxydable en aldehyde ^-chloro- 
benzo'ique. II se peut d’ailleurs que le chlorure de j;-chIorobenzyle ren- 
ferme des traces de chlorure de jp-chlorobenzylidene. — Le produit 
secondaire se separe de 1’extrait ethere du chlorhydrate de j>-chioroben- 
zylphenylhydrazine lors de l’evaporation lente a Fair. Les cristaux 
mous sont clairces au moyen d’alcool a 96%, puis recristallises dans 
ce meme solvant. A l’etat pur ils sont faiblement jaunatres, micro- 
cristallins, et pr6sentent le point de fusion 109°. 

Analyse: 

Substance: 0*1418 gr, C0 2 0*3522 gr, H 2 0 0*0596 gr. 

0*1857 gr, C0 2 0*4596 gr, H. 2 0 0*0750 £7*. 

0*1787 gr, A r 2 12*8 cm* (747 mm, 18°). 

0*3275 gr, N» 24*0 cm '• (744 mm, 18°). 

0*1177 gr, AgCl 0*0973 gr. 

0*1236 gr, AgCl 0*1028 gr. 

0*1130 gr, AgCl 0*0939 gr. 

C 20 H u IT 2 Cl 2 : Calcule: C 67*60%, H 4*54%, N 7*89%, Cl 19*97%.. 

Trouve: 1.(7 67*74%, H 4*70%, AT 8*10%, Cl 20*46%; 

II. C 67*50%, H 4*52%, A T 8*24%, Cl 20*57%, 

a 20*55%. 

Le composant jj-chlorobenzaidehydique a ete determine, en outre, 
par l’hydrolyse de Fhydrazone: Dans une suspension de 1*5 gr de sub¬ 
stance pulverisee dans 100 cc. d’acide sulfurique k 50%, on a fait 
passer de la vapeur d’eau. Dans le tube du refrigerant il se d6posait 
des aiguilles blanches possedant une odeur d’amandes ameres et 
fondant entre 47 et 48°, ce qui concorde parfaitemenf avec la benzal- 
dehyde parachloree. 

, . ' 2 ' 



258 


p-Chlorobenzylphenylhydrazone d’acetone. 

0*5 gr de base hydrazinique ont et6 chauffes pendant 2 heures 
au refrigerant ascendant avec 1 cc. d’acetone et 15 cc. d’alcool, Le sirop 
residue!, apres i’evaporation du solvant, n’a pas tard£ 4 cristaJliser. La 
partie liquide a ete enlevee sur une assiette poreuse, Ies cristaux ont 
et€ recrisfaliises dans Palcool dilue jusqu’4 point de fusion constant. 
L’hydrazone pure forme de belles aiguilles luisantes, fusibles 4 68°. 

Dosage d’azote: 

Substance: 0-1852gr, N z 16*7 cc. (746 mm, 18°). 

C u H Vl N z Cli Calculd: .V 10*28%. 

Trouv6: 2V 10*17%. 


j>-Chlorobenzylphenylhydrazone de furfurol. 

Un melange de 0*4 gr de furfurol, de 0*9 gr de base hydrazinique 
et de 15 cc. d’alcool 4 96% a ete maintenu pendant 2 heures au 
bain-marie bouillant Au bout de quelques heures, il s’est s£pare de 
petifes aiguilles jaunes qu’on a purifies par des cristallisations dans 
1’alcoo! 4 96%. 

Le corps, aisement soluble dans Pether, le benzene et Palcool chaud, 
fond entre 101 et 102°. 

Dosage d’azote: 

Substance: 0*1490 gr, N 2 12*4 cc. (725 mm, 21°). 

C 1S H U N Z C10: Calcule: N 9*02%. 

Trouve: N 8*98%. 


j)-Chlorobenzylph6nylhydrazone de benzaldehyde. 

Un melange de 0*5 gr de base hydrazinique fondu et de 0*22 gr 
de benzaldehyde fratchement distillee se rechauffe spontanement, puis 
se trouble et finit par se prendre en une masse cristalline. Apres 
lavage 4 I’ether, le produit est recristallise dans Palcool 4 96%. Cest 
un corps jaunatre, fondant 4 99°. 

Dosage d’azote: 

Substance: 0*0985 gr, N % 7*7 cc. (756 mm, 16°). 

C w H ri N z Ch Calcule N 8*74%. 

Trouve N 9*02%. 


p-Chlorobenzylphenylhydrazone d’arabinose l. 

Un melange de 1 gr d’arabinose, dissous dans le minimum d'eau, 
avec 1*5 £ 7 * de base hydrazinique et 70 gr d’alcool est chauffe 4 reflux 
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pendant 3 heures. Le lendemain, line partie de i’hydrazine form€e 
se s^pare d’elle-meme, le reste, apres concentration du sirop residue!. 
Le produit est lave k Fether et a l’eau, puis recristallise dans Falcool 
k 96%. Rendement: 1-3 gr, point de fusion constant: 172°. L’essai de 
dessiccation dans le vide k 78° n’a reveid aucune perte de poids. 

Dosage d’azote: 

Substance: O'lQ&Qgr, N 2 T7 cm 3 (730 mm, 19°). 
r.' ls ff 21 A T 2 0 4 C7: Calcule N 7-68%, 

Trouve N 7’97%. 

2 >-Chlorobenzylphenylhydrazone d’arabinose d. 

11 a ete prepare, k partir de 1 gr de sucre, de la meme faqon que 
pour 1’arabinose gauche. 

2 >-Chlorobenzylphenylhydrazone de xylose d. 

Nous I’avons obtenue par la voie decrite plus haut Le produit 
cristallise difficilement: il se separe, dans sa solution alcoolique, par 
addition d’eau, sous forme d’une huile se prenant lentement. 

La masse cristalline est claircee plusieurs fois par du benzene, ce 
qui donne une legere poudre blanche. Son point de fusion est peu 
net, 80° environ, car le produit perd, lors du sechage dans le vide a 50°, 
2-31 % d’eau, ce qui correspond a % mol. de H z O (le demi-hydrate 
exige une perte de 2 - 41°/ 0 ). 

Dosage d’azote: 

Substance: OW38 gr, N 2 6‘25 cm 3 (748 mm, 16°). 
C IS H. Z1 N 2 0 4 CI: Calcule N 7*68%. 

Trouve N 7-61%. 

j)-Ch!orobenzylphenylhydrazone de lyxose d. 

Nous l’avons prdparee a partir de 0*15 gr de sucre (produit Pfan- 
stiehl) par le precede alcoolique dScrit plus haut. Le produit brut 
est lav6 a l’dther, puis recristallis6 dans Falcool a 50%. Le point de 
fusion s’arrete bientot entre 134 et 135°. Cette hydrazone ne ren- 
ferme pas d’eau de cristallisation. 

Mtcrodosage d’azotate: 

Substance: 8-306 mgr, N* 0*578 cm 3 (729 mm, 20°). 
C 1 R H 21 N 2 0 4 CI: Calculd N 7-68%. 

Trouvd N 7-80%. - 

. ■ 2 * 
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jj-Chlorobenzylphenylhydrazone de ribose d. 

Preparation, comme ci-dessus, a partir de 0*1 gr de sucre. Le pro- 
dust, tres soluble dans i’alcool a 96%, est recristallise dans l’alcool 
dilufi (& 25%). I! forme une poudre cristaliine de point de fusion con¬ 
stant de 144—145°. 

Microdosage d’azotaie: 

Substance: 6*075 mgr, N* 0*3822 cm s (750 mm, 18*5°). 

C^H^KzOiCl: Calcule N 7-68%. 

Trouve N 7*28%. 

js-Chlorobenzylphenyihydrazone de rhamnose l. 

Un sirop obtenu par ie proced£ alcoolique habituel se prend rapi- 
dement en une masse cristaliine qu’on lave successivement a Tether 
et a l’eau. La solution alcoolique chaude separe au bout d’un certain 
temps de belles ecailles d’un demi-hydrate (trouve 2i8% d’eau, cal¬ 
cule 2*32%). Seche dans le vide a 90°, le produit est exempt d’eau 
et fond entre 118 et 119°. 

Dosage d’azote: 

Substance: 0*1247 gr, N» 8*0 cm 3 (750 mm, 19°). 

CnHaOtNtCl: Calcule N 7*40%. 

Trouv6 N 7-24%. 

p-Chlorobenzylphenyihydrazone de fucose 
(?-galactom€thylose). 

PrSparS de la maniere habituelle (en milieu alcoolique), le produit 
est purify par clairqage a I’alcool. Lorsqu’on essaie de le faire cris- 
talliser au moyen d’alcoo! k 96% bouillant ou dans t’alcool methy- 
lique absolu, le refroidissement ne donne qu’un pretipite gelatineux. 
Pour qu’ii se separe a l’etat cristallise, il faut un refroidissement trfes 
tent et un repos prolong^; on voit alors apparaitre de fines aiguilles 
feutr&s. Dans I’alcool a 50% il cristallise plus facilement. Le point 
de fusion constant est de 153°. 

Microdosage d’azote: 

Substance: 9*745 mgr, ■ jV” s 0*640 cm s (739*5 mm, 21°). 

CrsBmPJT&k Calcule N 7*40%. 

Trouve N 7*4%'. 
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j?;-Chlorobenzylpbeny1hydrazone de glucose < 1, 

Preparation: G'9 gr de glucose, l - 2 gr de base hydrazinique. Le 
produit brut cristalllse est lave a Tether d’abord, a i’eau ensuite, puis 
recristallise plusieurs fois dans i’alcooi a 96%. L’essai de dessiccation 
montre que c’est une hydrazone exempte d’eau de crisiallisation.Le corps 
se compose de petits cristaux blancs, aciculaires sous le microscope, 
fusibles constamment entre 155 et 156 °. 1! est insoluble dans Peau et 
Tether, peu soluble dans Taicooi a froid. 

Microdosage d’azote: 

Substance: 13-875 mgr, X. 2 0‘870 cm? (731 mm, 20’5°). 

Caicule: N 7-10%. 

Trouve: X 7-02%. 

^-Chlorobenzylphenylhydrazone de manno.se d. 

Eile a ete preparee par le procede alcoolique a partir de 2 gr de 
sucre sirupeux. Recristallisee dans Talcool, a 96°/ 0 , elle se separe sous 
forme d’une legere masse crisialiine d’eciat nacre, fondant constam¬ 
ment entre 167 et 168°, exempte d’eau de cristallisation. Elle est 
difficilement soluble dans Talcool froid. 

Dosage d’azote: 

Substance: O’1356 gr, JV 2 87 cm? (736 mm, 19°). 

C w H. is 0- o N 2 Cl: Caicule: NT\OV 0 . 

Trouve: 2v T 7iO%. 

j)-Chlorobenzylphdnylhydrazone de galactose d. 

Preparation par le procede alcoolique. Purifiee dans Talcool bouil- 
lant, elle se separe a l’etat d’une masse gelatineuse qui ne cristallise 
qu’apres un long repos et par frottement a I’aide d’une baguette. 
Les solutions dans i’alcooi methylique bouillant la d£posent sous 
forme d’une masse microcristalline composee sous le microscope de 
fines aiguilles feutrees. Point de fusion constant 161°. Le corps re¬ 
presente un demi-hydrate, car il perd dans le vide a 80° 2-31%, 
alors que la th6orie exige pour une chlorobenzylpMnylhydrazone 
d’hexose une perte de poids de 2 , 23%. Le point de fusion du produit 
seche est le meme que pour le demi-hydrate. 

Microdosage d’azote: 

Substance ( 1 / 2 S r 3 0): 14-575 mgr, 0‘869 cm? (743 mm, 22-5°). 

Calculi: X 6-94%. 

Trouve: X6’74%. 



La m£me hydrazone s’obtient lorsqu’on chauffe du galactose avec 
une solution de base dans 1’acide acetique dilue, et qu’on refroidit 
ensuite. Elle est Egalement cristallisee. 

p-ChlorobenzylphEnylhydrazone d’a-J-rhamnohexose. 

11 a ete prepare par le precede alcoolique, purifie par cristallisation 
dans l’alcool a 96%, sechE ensuite dans le vide k 80°. 11 forme des 
aiguilles microscopiques, fondant constamment a 172°. 

Microdosage d’azote: 

Substance: 22*255 mgr, N 2 1*305 cc. (746 mm, 20°). 

Calculi N 6*86°/ 0 . 

TrouvE N 6*71%. . 

p-Chlorobenzylphenylhydrazone d’a-d-glucoheptose. 

Sa formation par le procedE alcoolique est peu quantitative. Cristal- 
lisE dans Palcool a 50% i! est en tres fines aiguilles feutrees, fondant 
entre 158 et 159°. 

Microdosage d’azote: 

Substance: 19*240 mgr, 1*125 cc. (736 mm, 21*5°). 

C. 20 HtoN. 2 O ej Cl: Calcule X 6*60%. 

Trouve K 6*57%. 

Dibenzylhydrazine. 

Nous i’avons prepare a partir de 1’hydraie d’hydrazine et du chlo- 
rure de benzyle d’apres Busch {Ber. 33, 2703), Quant a 1’isolement 
du produit, nous avons toutefois choisi la voie du chlorhydrate. A 
cet effet, le liquide rEactionnel, concentre par evaporation au % de 
son volume, a ete additionne d’acide chlorhydrique concentre, et les 
chlorhydrates bruts ainsi precipitEs ont EtE recristallises dans l’alcool 
k 96% chaud jusqu’ik obtention du point de fusion de 187—189°. 
Ce mode operatoire a donne d’excellents rEsultats, car la dibenzyl- 
hydrazine mise en liberte du chlorhydrate ainsi purifie se prend rapi- 
dement en cristaux qui presentent apres une seule recristallisation 
dans lather de petrole le point de fusion vrai de 56°. Le rendement 
etaif de 32 gr de base pure pour 100 gr de chlorure de benzyle. 

Dibenzylhydrazones sucrees. 

Elies ont toutes EtE prEparees de la meme maniere suivante: Des 
poids Equivalents d’hydrazine et de sucre dissous dans le minimum 



dibenzylhydrazone d’arabinose l .135° dibenzylhydrazone de rhodeose (rf-galacto- 

* d’arabinose d .... 133—135° mlthylose).162-5° 
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d’eau etaient chauffes pendant 2 heures avec la quantite d’alcool 
a 96% juste necessaire pour obtenir une solution limpide; L’hydra- 
zone se sSparait soit pendant le chauffage, soit apres Pecartement du 
solvant par evaporation. Les hydrazones de xylose et de glucose ne 
cristallisaient que difficilement, ceiie d ! isorhod£ose n’a pas du tout 
pu etre obtenue a Petat cristailise. 

Proprietes: Toutes les hydrazones cristallis6es etaient en fines 
aiguilles microscopiques jusqu’a macroscopiques, insolubles dans Peau, 
assez peu dans Paleool froid, beaucoup plus facilement dans l’alcool 
bouillant. Les hydrazones de rhodeose, de fucose et de mannose 
etaient le moins solubles parmi toutes, un peu mieux celles des deux 
arabinoses et de galactose, le mieux les hydrazones d<£ xylose, de 
ribose et de glucose. 

Institut, de Chitnie organique 
d VEcole Polytechnique tcheque 
de Prague (Tchecoslo vaquie). 
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ETUDES SYNTHETIQUES DANS LA SERIE 
DES METHYLOSES. I. 

Par E. VOTOCEK et S. 'MALACHTA. 

Le but du present travail etait, ainsi que t’un de nous 1’avait signale 
dans sa communication preliminaire sur le saccharinose et le saccha- 
rinohexose, 1 ) de preparer des methyloses dont le groupe methyle serait 
non pas au carbone terminal de la chaine sucree, mais a des endroits 
plus voisins du groupe pseudocarbonyle. Dans cette categorie appartien- 
nent le saccharinose deja mentionne, qui constitue un 2-methylpentose 
de structure: 

CH,{OH). CH. CmOH) ■ C{CIL,) {OH). CH(OH) 

I- o --! 

ou CH,. CH(OH ). CH{OH). C{CH^) {OH ). CH{OH) 

__‘ n ! 


ainsi que son homologue, le saccharinohexose, de structure : 

CH,{OH). CH(OH). CH.C{CH S ){OH). CH{OH) . CH{OH) 

. I- o -i 

ou CH,{OH ). CH. CH{OH). C{CH S ){OH ). CH(OH ). CH{OH) 

i-0-7- 1 

Une nouvelle voie pour l’obtention de tels methyloses a chaine 
ramifiee s’ouvre dans [’application de la synthese cyanhydrique a 1’acide 
5-cetorhamnonique, decouvert dans le temps par M. Kiliani et qui 
se laisse tres aisement preparer suivant la methode de 1’un de nous 
et de M. Benes, c’est-a-dire par action de i’acide azoteux sur la lactone 
rhamnonique. 3 ) 

Le plan de la synthese des nouveaux methyloses peut Stre figure 
par le schema suivant: 

l ) Collection 1930, 2, 158, 

3 ) Rozpravy Ceske Akadqmie (Memoires de l’Acaddraie tcheque des Sciences 
et des Arts, annde 1927); Bull. Soc. Chim. 1928, 43, 1328. 
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Dans le memoire que nous presentons id nous donnons les 
resultats obienus au premier stade de cette synthese en projet, soit 
la description des produits formes dans 1’action de 1’acide cyanhydrique 
sur i’acide 5-cetorhamnonique. Ajoutons que la transformation ulterieure 
de I’acide bibasique (bicarboxylique) obtenu en acide monobasique 
(monocarboxylique) ne nous a pas donne jusqu’ici de resultats, de 
sorte qu’il sera n^cessaire de rechercher les conditions dans lesquelles 
la dilactone methyl-tetroxyadipique se reduit en l’acide mdthylhexo- 
nique correspondant. 

Pour effectuer la synthese a l’acide cyanhydrique, nous avons fait 
agir & la temperature ordinaire un exces d’acide cyanhydrique aqueux 
sur le sel barytique de I’acide cetonique en question. Comme cela 
arrive ordinairement en pareil cas, il s’est forme ici encore deux 
produits, probablement epimeres Tun de l’autre. La cyanhydrine (ou 
amide) brute a fourni, par saponification au moyen de baryte caustique, 
deux sels de baryum differents Fun de l’autre par leur solubility dans 
Feau, L’un d’eux a conduit a la dilactone d’un acide a-methyl-tetroxy- 
adipique, de formule C^H & 0 % , tournant en solution fraiche fortement 
& gauche: {a\ b — — 182°. Ce pouvoir rotatoire initial ne diminue que 



tres lentement et n’atteint ia vaieur d’equilibre de == — 1Q7-6' 1 
qu’au bout de 10 jours. La phenyihydrazide double par iaqueiie nous 
avons caracterise Pacide de cette dilactone, est tres pen soluble dans 
I’eau et dans l’alcool a 06% chaud, et fond enire 187 et 188 1 . 

Les eaux-meres du premier sel de baryum, renfermant surtoui 
le second sel barytique, out fourni, a pres Pelimination du metal, 
un semi-hydrate de dilactone, de formuie (7 7 fl r s O, 3 . 1 2 7f 2 0, derive 
probablement epimere de Pacide precedent. Le corps fondait pen 
nettement entre 166 et 167° et perdait son eau dans le vide a 100° 
pour donner une dilactone anhydre fusible a 172°. Lorsque cette di¬ 
lactone sechee est dissoute dans I’eau et abandonnee a la cristaliisation 
lente, il se separe de nouveau le semi-hydrate deja mentionne. 

Le pouvoir rotatoire de la seconde dilactone est moins fort en 
solution fraTche que celui de la premiere dilactone. La vaieur initiale 
est en effet [a] D = —154‘1° pour le demihydrate, [a] p == — 162-8° pour 
la dilactone anhydre. Ces valeurs se rabaissent tres lentement, et 
au bout de 10 jours elles aboutissent a la mSme vaieur d’equilibre 
de [a] D = — 75-7° ou — 75-6°. 

L’etude cristallographique et optique des deux dilactones nouvelles 
ainsi que de la lactone 5-cetorhamnonique a ete faite par M. le 
Dr. R. NovaSek, assistant a l’lnstitut mineralogique de l’Universite 
Charles de Prague. Nous le prions de recevoir ici nos meilieurs 
remerciments. 


Partie exp6rimentale. 

Action de Pacide cyan hydrique sur le cetorhamn onate 

de baryum. 

120 gr de lactone 5-cetorhamnonique, transformes par la quantile 
necessaire de baryte en sel barytique, ont ete additionn£s de la 
quantite deux fois theorique d’acide cyanhydrique (135 cc. d’une so¬ 
lution a 30°/ o environ), puis de quelques gouttes d’ammoniaque con¬ 
centre. Apres 12 jours de repos a la temperature du iaboratoire, 
l’exces d’acide cyanhydrique a ete chasse par chauffage dans le vide, 
et le residu a ete saponifie par ebullition avec de la baryte caustique. 

Le refroidissement du liquide a separe un premier sel de baryum 
(produit I) si peu soluble dans l’eau qu’il n’a pas ete possible de le 
recristalliser. Apres lavage et dessiccation sur H^SOi le poids du 
produit etait de 143 gr environ, ce qui repond a 53% du rendement 
theorique. 

Les eaux meres apres separation du produit I precipitaient par 
addition d’alcool Elies ont done ete concentres par evaporation 
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partielle, puis additionnees d’un exces d’alcoo! a 96%. Le produit, 
lave a 1’alcool et seclie sur ZLyS'O,, pesait 58-3 gr, soft 2L6% du 
rendement theorique. 

Dilactone d’un acide «-methyltetroxyadipique I. 

Une suspension de sel barytique 1 a ete debarrassee de son ba- 
ryum par chauffage avec la quantite calculee d’acide sulfurique normal, 
le filtrat a ete concentre par evaporation sous pression reduite. Par 
addition successive d’alcool il separait un produit cristallise dont le 
poids total etait de oS'Agr. 

Recristallise dans 1’alcool a 80%, le corps se separe en belles 
aiguilles fusibles a 196° (avec decomposition), et ce point de fusion 
se maintient aux cristaliisations reiterees. 21 gr de produit brut ont 
donne ainsi 14'2 gr de produit pur. 

Analyse elementaire: 

Substance: 0 J 2046 gr; CO* 0 - 3357 gr, H»0 0-0784 gy. 

%7/ s 0,: Calcule C 44-66%, H 4-29%, 0 51‘05%. 

Trouve C 4474%, H 4-29%, 0 50-97%. 

Dosage des carboxyles par titrage: 

018^r de substance, dissous dans 10 cc. d’eau glacee, ont ete 
litres a la phenolphtaleine par de la soude 27/5. Des ies premieres 
gouttes d’alcaii 1’indicateur se colore, cette coloration disparait lentement, 
et le jeu se repete, ce qui signale la presence d’une lactone. Le titrage 
a ete termine a chaud. La consommation totaie d’alcali correspondait 
a 0-07689 gr de NaOH, alors que la theorie pour une dilactone 
C-,HsO tJ exige 0-07657 gr de NaOH. 

Pouvoir rotatoire: Les valeurs successives se trouvent rassembiees 
dans le tableau suivant: 


Temps 

Hk 

Temps 

Mu 

Temps 

Mu 

0 

— 182° 

92 h. 

— 131*2° 

221 h. 

-111*2° 

20 h. 

- 157-6° 

112 h. 15 m. 

- 124*4° 

233 h. 

— 108° 

41 h. 30 m. 

- 155-2° 

137 h. 

— 117-2° 

264 h. 

— 107*6° 

49 h. 

- 151-2° 

163 h. 

— 114° 

292 h. 

— 107*6° 


PhenyIhydrazide double. 

On a fait reagir a la temperature ordinaire 1*15 de phenylhydra- 
zine (correspondant a 2 mol.) sur 1 gr de dilactone (1 mol.) dissoute 
dans le minimum d’eau. Le melange, homogene au debut et abandonne 
jusqu’au lendemain, a separe en tout L75 gr (90% du rendement 



iheorique) d’un produit crisfallise, tres peu soluble dans 1’eau et dans 
1’alcool a 96° 0 bouillants. Pour ie purifier, nous 1'avons lave par 
broyage avec de Falcool a 96%, apres quo! ii fondait entre 187 et 188°. 

Microdosage d'azoie: 

Substance: 6*434 mgr; N 2 0*797 cc. (740 mm, 22°). 

C n H^0JS\: Calcule N 13*86 0 
Trouve N 13*83%. 

Note: L’action d’une seule molecule de phenylhydrazine sur 1 mol. 
de dilactone a donne la meme phenylhydrazide double, mais en 
quantite bien moindre. 

La dilactone 1 peut etre o’otenue sous une autre forme cristalline, 
lorsqu’on la fait cristalliser dans i’eau. Le produit purl,deux fois re- 
cristallise dans 1’alcool, a ete dissous dans le minimum d’eau a la 
temperature ordinaire, la solution a ete abandonnee a la cristallisation 
lente. 11 se separait des cristaux d’aspect cubique, differents de ceux 
qu’on obtient en cristaliisant dans 1’alcool (voir plus bas le rapport 
de M. Novacek sur l’examen cristallographique et optique). Le 
point de fusion est entre 195 et 196°. Le chauffage dans le vide a 100° 
ne produit aucune perte de poids. Le pouvoir rotatoire en solution 
aqueuse est le meme que pour la premiere forme cristalline de di¬ 
lactone: 


Temps 

Mi; 

Temps 

Mu 

Temps 

MjS 

0 

- 182*6° 

47 h. 45 m. 

—141*2° 

168 h. 

— 111*2° 

10 h. 

— 174° 

95 h. 45 m. 

—121*6° 

216 h. 

—108*4° 

22 h. 45 m. 

— 161*2° 

120 h. 15 m. 

- 115*6° 

266 h. 

—107*2° 


Lorsque cette deuxieme forme cristalline de dilactone I est cristal- 
lisee dans l’alcool bouillani, elle regenere la forme primitive aciculaire. 

Etude cristallographique et optique des deux formes de dilactone 
de l’acide !.: 

1. Corps cristallise dans 1’eau: 

Les petits cristaux presentent une symetrie rhombique, ils sont 
fortement tabulates suivant la base et mod£rement allonges dans 
la direction de la brachydiagonale a. L’examen cristallographique a ete 
effectue au moyen d’un goniometre a deux cercles (les valeurs figurant 
dans le tableau ont ete ramenees a celles repondant a un appareil 
a un cercle). Abstraction faite de quelques vicinaies on a pu constater 
les sept ou huit formes suivantes: 

c (001), l (010), m (110), r (101), q (011), f, (012), p (111) et p’ (Ill) 
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Ainsi que le fait voir ce tableau, la forme (111) n’est developpee 
dans la plupart des cas que par la moitie de ses faces ou par la 
seconde moitid des faces en superficie bien moindre, ce qui rend 
probable que la symetrie des cristaux n’est que bispMnoidique (voir 
la figure 1). 

L’inclinaison des faces c (001), »• (101) et 
q (Oil) conduit au rapport des parametres 
suivant: 

a:b:c = 0-6422:1:1-2594. 

L’accord des valeurs mesurees avec Ies 
valeurs calculees est tres bon, comme le 
Fig. i. montre le tableau que void: 





y 


—v-fe 



c: r 

(001) :(101) 

c:q 

(001): (011) 

: a 

(001): (012) 

r-fi 

(011): (012) 

q:q 

(Oil): (Oil) 

q:b 

(Oil): (010) 

mib 

(110): (010) 

j?: (100) 

(111): (100) 


v. mesurees 

v. calculees 

62° 59’ 

— 

51° 33’ 

— 

32° 13’ 

32° 12' 

19° 23’ 

19° 21' 

76° 55’ 

76° 54' 

38° 29’ 

38° 27' 

57° 22' 

57° 18' 

39° 10' 

39° 21' 


Le plan des axes optiques est situe dans le macropinacoide (100), 
la bissectrice aigue negative a est parallele a la macrodiagonale b. 
Les indices de refraction, determines par la methode d’immersion 
pour la lumiere sodique, sont Ies suivants: 


« Vo = 1-511 
Pna~ 1*536 
1-536 


J.,_ a = 0-025 


L'angle apparent des axes optiques 2U, mesure au microscope, 
etait de 17°, le calcul de l’angle reel 2 V a donne la valeur 11°. 
On a observe une tres forte dispersion g > v qui se trahissait d’ailleurs 
par des couleurs d’interference anormales. — Le clivage, peu’ net, 
etait suivant c (001). 

2. Corps cristallise dans l’alcool: 

A la difference des cristaux obtenus dans l’eau ceux separes 
dans l’alcool constituent des formes finement aciculaires, a extinction 
parallele, un peu aplaties suivant la base, sur laquelle s’dfcve perpen- 
diculairement la bissectrice obtuse y. La direction d’allongement est 
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ia meme que chez les cristaux obtenus dans 1’eau, done suivant la 
brachydiagonale a. Par la mesure des indices de refraction et la de¬ 
termination approximative des angles, il a pu etre etabli que dans 
1’un et 1’autre cas on est en presence d’un meme corps, ne presentant 
des differences que dans le deveioppement cristallographique, ce qui 
est evidemment du a l’emploi de solvants differents. 

Diiactones d’un acide a-methy ltetroxyad ipiqu e II. 

A. Dilactone a */g mol. de H. 2 0. 

Le sel barytique plus soluble (produit II) a ete debarrassd de son 
baryum par la quantite theorique d’acide sulfurique dilue, le filtrat 
renfermant l’acide «-methyltetroxyadipique libre a ete divise en 2 por¬ 
tions. La premiere a ete concentree dans le vide a la consistance d’un 
sirop assez epais. Ce dernier a separe a froid environ 5 gr de cristaux 
fondant, apres recristallisation dans l’alcool, entre 195 et 197° et se 
laissant transformer en une phenyihydrazide double fusible entre 
187 et 188". Us consfituaient par consequent la dilactone I decrite plus 
haul Les eaux-meres de ce produit ne cristallisaient que lentement 
en separant deux especes de cristaux: les uns etaient encore identiques 
a la dilactone I, les autres correspondaient a la dilactone d’un deu- 
xieme acide a-methyltdtroxyadipique. 

Afin de faciliter l’isolement de cette derniere dilactone, on a con¬ 
centre la solution aqueuse en un sirop tres leger qu’on a abandonne 
ensuite dans un dessiccateur a vide. 11 se deposait lentement princi- 
palement des cristaux un peu gros, d’aspect cubique, et a cote d’eux 
seulement une petite quantity de fines aiguilles de dilactone I et de 
sa deuxieme forme cristalline, d’aspect egalement cubique a l’apparence. 
La cristallisation fractionnee par evaporation Iente de la solution 
aqueuse a fourni de gros cristaux d’aspect cubique, se ramollissant 
au-dessous de 100°, et fondant seulement entre 166 et 167°. 

La dessiccation dans le vide a 100° ainsi que l’analyse e!6mentaire 
firent voir que le corps constitue un semi-hydrate de dilactone methyl- 
tetroxyadipique. 

Analyse el6mentaire : 

Substance: I. 0i684^r; C0% 0'2630gr; H. z 0 0'0682gr. 

II. 0i860 gr; C0 2 0*2894 H 2 0 0D755 gr. 

. Vs H 2 0 : Calculee C 42-62%, H 4-61%, 0 52*77%. 

Trouvee 1. <742*57%, H4*49%, 052*94%, 

II. <7 42*44%, H 4*51%, 0 53*05%. 
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Dosage d’eau: 

12 3 4 

Poids avant la dessiccation . 4-0832 gr 0-4624 gr 0-6573.gr 0*1380 gr 

Poids apres la dessiccation . 3*9030 gr 0*4422 gr 0*6284 gr 0*1322 gr 

Perte de poids (H 2 0) . . . 4*41°/ 0 4*57°/ 0 4*39% 4*21% 

Calculee pour C 1 H s 0 6 . 1 j 2 E«0 4*57% 

Pouvoir rotatoire du semi-hydrate: 

Temps [«\ D Temps [«li, Temps [a] D 

5 min. — 154*1° 49 h. 30 m. — 89*4° 101 h. 30 m. —75*7° 

32 h; — 97*7° 82 h. 30 m. —81*1° 


Etude cristallographique et optique: 

Les cristaux tetragonaux, un peu troubles, ne se pretaient pas trop 
bien a 1’examen cristallographique, car abstraction faite des faces c (001), 
p (111) et l (221), bien developpees celles-ci, ils n’offrent guere que des 
faces vicinales parmi lesquelles rares sont celles auxquelles on peut 
attribuer avec quelque probability des symboles un peu simples, tels 
que s (552), t (551), etc. Les cristaux sont fortement tabulates suivant 
la base qui dans la plupart des cas constitue une surface courbee. 

Parfois, les cristaux acquierent jusqu’a des dimensions isometriques 
ou rappellent meme des cristaux hemimorphes, bien qu’il soit difficile 
de decider dans cette question a cause du grand nombre de vicinales 
(voir la figure 2). 

L’inciinaison de la pyramide fonda- 
mentale par rapport a la base a permis 
de calculer le rapport des parametres 
que voici: 

n:c = 1 : 2*2135, 

d’ou decoule le tableau suivant: 



Fig. 2. 


v. mesurees v. calcules 


c:p (001): (111) 72° 17' — 

c:l (001): (221) 80° 59' 80° 56' 

(001): (552) 52° 37' 51° 23' 


Le clivage suivant la base c (001) est net. Au point de vue opti- 
oue, le corps se presente com me uniaxe negatif, parfois avec une 
faible divergence des axes. Les indices de refraction, determines par 
la methode d’i turners ion, sont les suivants: 


J 


= — 0*045. 


m = 1*5471 
s = 1*502 


F — 
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B. Dilactone anhydre. 

Elie a ete obtenue en sechant le semi-hydrate dans le vide a 100°. 
Point de fusion 172°. 

Analyse elementaire: 

Substance: 0'1655gr; C0 2 G‘2702 gr; H.,0 0-0641 gr. 

C-,H s O e> : Calcule C 44*66%, H 429%, 0 51-05%. 

Trouve C 44-52%, H 4-30%, 0 51*18%. 

Dosage de carboxyle par titrage: Le titrage a ete opere par 
KOH 2V/5, d’abord a une temperature voisine de 0°, en presence de 
phenolphtaSeine. L’aicalinite apparait des 1’addition des premieres gouttes 
de potasse, et ne disparait que ientement. Le titrage a ete termine 
a l’ebullition. 

Substance: 0T783-°r, consommation de KOII 0'0987 gr; la consom- 
mation calculee pour deux groupes lactoniques est de 0-1065 gr. 

Pouvoir rotatoire: 


Temps 

Mu 

Temps 

Mu 

Temps 

1“]* 

0 

— 162-8° 

92 h. 

- 87-6° 

233 h. 

— 76-6° 

30 m. 

— 158-8° 

137 h. 

— 84-8° 

264 h. 

— 75-6° 

42 h. 

— 108-6° 

163 h. 

— 80-4° 

272 h. 

— 75-6° 

49 h. 

o 

o 

T 

221 h. 

— 78-0° 




Phenylhydrazide double. — 05 gr (1 mol.) de dilactone (p. de 
f. 172°), dissous dans le minimum d’eau et additionnes de 0-6 gr de 
phenylhydrazine (2 mol.), separaient Ientement une hydrazide cristallisee. 
Le lendemain, le produit a ete essore et purifie par extraction a l’alcool 
a 96 0 /o bouillant dans lequel il n’est que peu soluble. 11 fondait 
a 236—237° (dans un bain chauffe au prealable a 225°). Rendement: 
0-7 gr. 

Dosage d’azote: 

Substance: 0-1071 gr-, N. z 13-0^. (745 mm, 19°). 

CxfigtOtfii Calcule N 13-86%. 

Trouve N 13-60%. 

Lorsque la dilactone anhydre est dissoute dans 1’eau et abandonnee 
k la cristallisation lente, il se reforme le semihydrate fusible a 166°. 
Une nouvelie dessiccation de celui-ci conduit encore a la dilactone 
anhydre fusible a 172°. 


3 
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Lactone 5-cetorhamnonique. 

Etude cristallographique et optique: 

Les cristaux, atteignant quelquefois plus de 1 centimetre de longueur, 
sont soit parfaitement incolores, soit faiblement jaunStres, ils sont 
toujours allonges prismatiquement dans la direction de l’axe a. L’examen 
cristallographique, opere a l’aide d’un goniometre a deux cercles, 
a montre que leur symetrie est rhombique sans aucun indice d’hd- 
miedrie ou hemimorphie, done rhombique bipyramidale. Outre les 
vicinales, les 8 formes suivantes ont pu £ire etablies: 

a (100), l (010), c (001), g (101), d (201), m (110), q (Oil), r (021) 

parmi lesquelles q et m predorhinent et figurent sur tous les cristaux, 
alors que les macrodomes d et g ainsi que les bases se rencontrent 
bien moins souvent. Les pinacoi'des a et l (voir la figure 3) n’apparaissent 
que tres rarement et uniquement sous forme de facettes etroites. 

Sur de nombreux cristaux le brachydome r est 
remplace par une serie de faces vicinales arron- 
dissant I’arete entre deux faces voisines du brachy- 
ddme fondamental q. Des vicinales ont egalement 
ete observees aux environs de la base c. 

Void le rapport des parametres calculd par 
1’inclinaison des deux faces le plus gdneralement 
rencontrees et presentant la meilleure reflexion: 
a:b:c = 07270:1: L1785. 

Le tableau suivant donne les valeurs mesurees 
en comparaison des valeurs theoriques: 




v. mesurees 

v. calculees 

a: m 

(100): (100) 

36° V 

— 


(011): (Oil) 

99° 22' 

— 

ciq 

(001): (011) 

49° 49' 

49° 41' 

q:q 

(011): (011) 

80° 38' 

80° 38' 

hq 

(810): (Oil) 

40° 19' 

40° 19' 

hi r 

(010): (021) 

23° 2' 

22° 59' 

r:q 

(021): (011) 

17° 15' 

17° 20' 

aig 

(100): (101) 

31° 46' 

31° 40' 

aid 

(100): (201) 

17° 9' 

17° 9' 

ci r 

(OOl): (021) 

67° 4' 

67° 1' 


Le plan des axes optiques est situe dans le macropinaco'ide (100), 
la bissectrice aigue negative a est parallele a l’axe c. Les indices £ 
et y ont dtd determines par la methode d’immersion, a a dte calculd: 





'*,-, = 1*516 (caic.) 

/C a = 1*570 4,_ =0*082. 

;v a = 1*598 

L’angle des axes optiques a ete determine au microscope en 
employant la constante de Mallard: II a ete trouve 2 E= 110", d'ou 
1’on calcule 1’angle reel 2 V — 63°. 

Le clivage etait net suivant b (010), incertain suivant q (011). 

Institut de Chimie organiqm 
d VEcole Polytechnique tcheque 
de Prague (Tchecoslovaquie). 
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Etude de quelques alcools amines superieurs i. 

Action du reactif de Grignard stir I’ether de l'acide 4-dimethyl- 

aminohutyrique 

par V. PRELOO et V. HANOUSEK. 

L’acide 4-dimethylaminobutyrique peut facilement etre prepare par 
electroreduction de la monoamide succinique. 1 ) Nous nous sommes 
proposes d’appliquer Pether de cet acide a la synthese des alcools 
(3-dimethylamines, presque inconnus et pourtant interessants au point 
de vue pharmacologique. A cet effet, nous l’avons avant tout soumis 
a Paction du reactif de Grignard. 

Le traitement de Pether 4-dimethylaminobutyrique par un exces 
de bromure d’ethylmagnesium (3 molecules au minimum) en milieu 
d’ether butylique normal, nous a fourni, avec un rendement depassant 
90% de la quantite theorique, des bases volatiles ■ que nous avons 
pu separer en deux fractions. La portion passant entre 70 et 75° sous 
13 mm s’est revelee etre de la 6-dimethyfaminohexanone(3) presque 
pure (I), la portion bouiilant entre 100 et 105° sous 13 mm ttait 
constitute par le 6-dimethylamino-3-ethylhexanol(3) (II): 

5. {CH S ),NCH, . CE 2 . CH ,. CO . CH 2 . CH t . 

II. {CHINCH* . CU 2 . CH» • C{0H) (CH,. CH S ),. 

11 est interessant que Palcool iertiaire seul ne pouvait meme etre 
obtenu par un grand exces (allant- jusqu’a six molecules) de reactif 
de Grignard. D’autre part, I’essai de preparer la cetone seule en faisant 
agir 1 molecule de bromure d’ethylmagnesium sur une solution dilute 
de 1 molecule d’ether a froid, a tgalement conduit a un melange 
de cetone et d’alcool tertiaire. 

La 6-dimetkylamtno-kexanone(3) est un liquide incolore, basique, 
d’une odeur forte et caracttristique, et qui brunit fortement au con¬ 
tact de Pair. A la difference du 6-dimtfhylamino-3-ethylhexanol(3) elle 
donne un picrate et un picrolonate caracttristiques. La fonction cttone 
a tie prouvte par transformation dans l’hydrochlorure de semicarba- 
zone, facilement cristallisable. 



Le b-dimethyiamino-3-ethylhexano!{3) est une hulls incolore, ne 
devenant pss brune au contact de Fair, d’odeur faSoie. 11 a ete ca- 
racterise par son hydrochlorure et son picrate. Par fixation d'iodure 
de meihyle, il fournit en job's cristaux S’iodare de trimethyi-[4-ethv!-4- 
hydroxy-hexylj-ammonium dont on a prepare ie chlorure par action 
de chlorure d’argent. Ce corps, inieressant au point de vue pharmacolo- 
gique, a ete caracterise par ie chloroaurate, le chlorcplatinate et !e picrate. 

Par benzoylation du 6-dimethylamino-3-ethyl-hexanol{3), que nous 
ayons suivi la methode de Fourneau 2 ) ou eelie de Blicke et 
Blake, 8 ) nous n'avons pas reussi a obtenir i’hydrochiorure du derive 
benzoyie, ce que nous atiribuons a des empechements steriques. 

Partie experimentale. 

Dans 300 cc. d'une solution de bromure d'ethyimagnesium dans 
Tether butylique normal, on verse une solution de 10 gr d’ether 
4-dimethylaminobutyrique dans le meme solvant*) La reaction s’effectue 
avec degagement de chaleur. 

Apres un repos de 2 jours, le liquide reactionnel est porte a l’ebul- 
lition, et decompose par de beau et de l’acide chlorhydrique. Apres 
separation de la couche butylique, le residu aqueux est 6puise a 1’ether. 
Le liquide aqueux est additionne d’un exces d’alcali, puis distille dans 
un courant de vapeur d'eau pour chasser les bases volatiles. Le 
distillat est neutralise au rouge methyle par de 1’acide chlorhydrique 
normal. La solution d’hydrochlorure est concentrde dans le vide en 
un sirop dont on libere les bases par addition de soude caustique 
a 50°; o . On extrait les bases a 1’ether, on dess^che par K. 2 C0 s et Ton 
fractionne. Apres deux distillations, on obtient, a cote d’une petite 
fraction intermediaire et du residu, deux portions principales, dont 
ia premiere bout entre 70 et 80° sous 13 mm (la 6-dimethyIamino- 
hexanone-3), la seconde entre 100 et 110° sous 13 mm (le 6-dimethyl- 
amino-3-ethylhexanol-3). 

6-Dim 6th yl amino-hex an one(3). 

II bout, apres rectification, entre 70 et 75° sous 13 mm. C’est un 
liquide d’odeur fortement basique, brunissant au contact de Fair. 

*) La solution de bromure d’ethyimagnesium doit €tre debarrassee du bromure 
d’ethyle non entre en reaction, car, d’apres une communication priv6e de M. R. 
Lukes, il compliquerait la reaction par la formation de sels quatemaires. Comme 
il est impossible de separer ie bromure d’ethyle et 1’ether Shylique par distillation, 
nous avons employe comme solvant 1’ether butylique normal qui est d’un acces facile. 
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Picrate. — II a ete prepare en melangeant les poids equivalents des 
composants en solution alcoolique. Recristallise dans 1’eau, il fond 
constamment a 111 ‘5° (non corn). II a ete analyse apres dessiccation 
dans le vide sulfurique. 

Substance: 7*337 mgr-, N 2 0*975 cc. (742*5 mm, 17*5°). 

(372*0) : Calcule N 15*05%. 

Trouve N 15*25%. 

Picrolonate. — Prepare en solution alcoolique, il forme un pre- 
cipite jaune, peu soluble dans 1’eau froide et l’alcool. Recristallise dans 
l’alcool chaud, il fond constamment a 135*5° (non corr.). 11 a ete seche 
dans le vide sulfurique. 

Substance: 6*167 mgr-, % 0*953 cc. (736 mm, 21*5°). 

C ls H is 0 6 % (407*0): Calcule N 17*23%. 

Trouve N 17*35%. 

Hydrochlorure de semicarbazone. — La cetone aminee est melangee, 
en solution aqueuse saturee, avec le poids equivalent de chlorure 
de semicarbazide. Le melange s’echauffe fortement et se prend au 
courant de 2 jours en une masse blanche, cristalline. Apres 2 cristal- 
lisations dans l’alcool absolu, le produit fond a 190—191° (non corr.). 
Il a ete seche dans le vide sulfurique. 

Substance: 7*119 mgr; % 1 *507 cc. (738*5 mm, 20°). 

15*191 mgr-, AgCl 9T63 mgr. 

CtUaONtOl (236*4): Calcule N 23*68%, Cl 14*99%. 

Trouve N 23*96%, Cl 14*92%. 

6-Dim ethylamino-3-ethyl-hexanol(3). 

Il forme une huile epaisse de faible odeur, bouillant, apres recti¬ 
fication, entre 100 et 105° (sous 13 mm). 

Substance: 7*469 mgr; N* 0*551 cc. (740 mm, 20°). 

C 10 H 23 ON (173*0): Calcule N 8*09%. 

Trouve N 8*35%. 

Hydrochlorure. — Il cristallise dans l’acetone en petites aiguilles 
blanches ou encore en tablettes. Le point de fusion est a 173—174°. 
Pour I’analyse il a ete seche dans le vide phosphorique. 

Substance: 0*1004 gr; C0 2 0*2111 gr, H 2 0 0*1018gr. 

9*243 mgr; N z 0*558 cc. (742*5 mm, 19°). 

6*763 mgr; N z 0*402 cc. (749 mm, 16°). 

10*961 mgr; AgCl 7*585 mgr. 
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C 10 H 2i ONCl (209-5): 

Calcuie C 57-30%, E 11-46%, .V 670%, Cl 16-91%. 

Trouve 0 57-36%, if 11-28%, 6-89%, Cl 17-12%. 

A T 6-90%, 

Picrate. — On precipite une solution d’hydrochlorure par du 
picrate de sodium. Recristallise dans l’alcool dilue, le produit fond 
constamment entre 104 et 105°. 11 a ete seche dans le vide sulfurique. 

Substance: 6-212 mgr; JV 2 0-774 (732 m//z, 21°). 

C u H m O s Ni (402-0): Calcuie 77 13-93%. 

Trouve N 13-93%. 

Hydroxy de de trimethyl -[4 -ethyl-4-hydroxy-hexyl]- 

ammonium. 

lodure. — 2'8 gr de 6-dimethylamino-3-6thyl-hexanol(3) ont ete 
additionnes en solution benzenique d’un peu plus que la quantite 
theorique d’iodure de methyle. II s’est separe immediatement une 
huile qui s’est prise apres plusieurs heures. Recristallise dans l’acetone 
ou precipite par Father dans sa solution dans l’alcool absolu, le produit 
est en menus cristaux blancs, non hygroscopiques, fusibles constam¬ 
ment entre 133 et 134° (non corr.). L’analyse a ete operee sur le produit 
seche dans le vide phosphorique. 

Substance: 7-583 mgr; Ac/I 5-631 mgr. 

C n lI. x 0Nl (314-92): Calcuie I 40-30%. 

Trouve I 40'15%. 

Chlorare. — 11 a 6t6 obtenu en faisant agir un exces de chlorure 
d’argent sur une suspension aqueuse d’iodure. [.’evaporation au bain- 
marie a donne un corps cristallise blanc, fortement hygroscopique. 
Pour le caractfiriser plus exactement, nous, en avons prepare le chloro- 
aurate et le chloroplatinate. 

Chloroaurate. — II se separe apres melange de ses constituants 
en solution concentre sous forme d’un precipite jaune d’or dont 
la recristallisation dans l’eau chaude donne de longues aiguilles jaunes, 
fusibles a 88° (non corr.). Le produit a ete analyse apres dessiccation 
dans le vide sulfurique. 

Substance: 9-124 mgr; Au 3-423 mgr. 

(J n H^ONChAti (527-0): Calcuie Au 37-42%. 

Trouve An 37'52%. 
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Chloroplatinate. — Preparation analogue a celle du sel precedent. 
Recristallise dans 1’eau chaude, le sel est en pelits cristaux oranges, 
subissant la decomposition vers 220° (chauffage rapide). 

Analyse du produit seche dans le vide suifurique: 

Substance: 7-613 mgr; Pt 1-908 mgr. 

C 22 H 52 0 2 N z Cl 6 Pt (784-0): Calcule Pt 24-90%. 

Trouve Pt 25 - 06%. 

Picrate. — II cristallise apres un repos prolonge d’un melange de 
solutions concentrees d’iodure et de picrate de sodium. Recristallise 
dans l’eau (oii il est trSs soluble), il fond a 104° (non corn). II a ete 
analyse apres dessiccation dans le vide suifurique. 

Substance: 7-055 mgr; 2V 2 0-846 cc. (735 nun, 21 - 5°). 

% 7 Z7 2S 0 S % (416-0): Calcule N 13’47%. 

Trouve N 13-44%. 

Laboratoire de la maison 
G. J. Drlza, Prague-Holesovice 
(Tchecoslovaquie). 

Bibliographic: 

■) Collection 1930, 2, 712. 

a ) E. Fourneau, Preparation des medicaments organiques, 1921, p. 289. 

3 ) J. Amer. Chem. Soc. 1931, 53, 1021. 



THF DFTFR MIN A TION 

OF BROMINE IN HIGHLY BROMINATED HYDROCARBONS 


by FERDINAND SCHULZ. 

In the course of the study of the exhaustive bro mi nation of 
aromatic hydrocarbons (cf. Ferd. Schulz, Collection 1929, Vol. 1, 
p. 228) the need occurred of a method for the determination of 
bromine in these substances for which neither Camus’ method 
nor the lime method were suitable. 1 ) 

When applying the procedure of Marcusson and Doscher 2 ) 
with hexabromobenzene, the substance for the most part sublimed 
without decomposition on combustion in oxygen. 

A. Stepanoff 8 ) devised a simple method for the determination 
of halogens by boiling organic substances with sodium and ethyl 
alcohol. Tests with hexachlorobenzene and monobromonaphthalene 
gave very accurate results. 

C. W. Bacon 4 ) having modified somewhat the original procedure 
of Stepanoff found it satisfactory with the most, even refractory, 
halogen compounds. 

W. O. Walker 5 ) obtained only poor results with monobromo- 
benzene and monobromonaphthalene tested by the modified method 
of Bacon, and concluded that the method is not of general applica¬ 
bility. 

J. Drogin and M. Rosanoff 6 ) submitted the Stepanoff- 
Bacon method to systematic investigations and, having increased 
a little the amount of sodium used in the reaction, obtained very 
accurate results in 64 determinations of Cl, Br and I in various 
organic compounds, among others in hexachlorobenzene and in mono¬ 
bromonaphthalene. 

J. A. Davidson, 7 ) likewise, having examined five methods in 
the determination of the bromine value of linseed oil obtained the 
best results with Stepanoff’s method. 

In the testing of highbrominated hydrocarbons by the present 
author, Stepanoff's method failed completely, even after increasing 
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considerably the amount of sodium and the time of heating, but 
very accurate results could be obtained when replacing ethyl alcohol 
in the reaction by butanol. 

• Experimental. 

1. Procedure according to Drogin and Rosanoff. 

The following pure compounds were submitted to the testing: 

hexabromobenzene m. p. 327° C 
pentabromotoluene m. p. 288° C 
hexabromonaphthalene m. p. 317° C 

In order to ascertain the true melting points of these substances 
for which discordant values are given in the literature*) an electrically 
heated air bath with mica windows was constructed enclosing the 
whole column of a short stem thermometer. 

The analysis was performed first precisely according to the modi¬ 
fied procedure of Drogin and Rosanoff: 1 gr of sodium was 
added in small portions during 40 minutes to about 01 gr of the 
substance in 7 ccs of hot absolute ethyl alcohol (sp .gr 0‘7931 at 16-5° C). 
After boiling for 1 hour the solution was acidified with nitric acid 
and titrated according to Vollhard with Nj 40 silver nitrate solution. 

Weighed: 

0T147 gr of hexabromonaphthalene: found Br 50-70, theory 79'72. 

In the next experiment twice the amount of sodium and alcohol 
was added, and the boiling was prolonged for 3 hours. 

Weighed: 

0*1080 gr of hexabromobenzene: found Br 62-40, theory 86‘95. 

The same experiment was repeated but the boiling was prolonged 
for 6 hours. 

Weighed: 

0-1018 gr of hexabromobenzene: found Br 84*05, theory 86*95. 

The hydrogenation was then carried on very slowly and on gentle 
heating: 2 gr of sodium were added in very small portions during 
2 x /o hours, the solution was boiled for 1 hour. 

Weighed: 

0*1149 gr of hexabromonaphthalene: found Br 60-23, theory 79 - 72. 

*) Beil stein, Handbuch der organ. Chem., IV. Aufl. records for hexabrom- 
benzene m. p. 306—316° C, for pentabromtoluene 280—285“ C, for hexabromnaphtha- 
lene 245—252“ C. The last value differs by more than 60° C from my determinations. 
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In the next experiment 2 gr of sodium were first added to lb ccs 
of absolute alcohol, and the substance was hereafter boiled for 7 hours 
in the solution of sodium alcoholate. 

Weighed: 

0*0995 gr of hexabromonaphthalene: found Br 58*90, theory 79*72. 

In view of these experiments it was manifest that Stepanoffs 
method cannot be applied in its original form to the determination of 
bromine in highly brominated hydrocarbons. The next step was to elevate 
the temperature of the reaction by using a higher boiling alcohol. 
Experiments carried out with butanol gave very satisfactory results. 


2. Modified procedure with butanol. 

After some preliminary trials the following mode of procedure was 
found to give accurate results : about 0*1 g of the substance and 30 ccs 
of anhydrous butanol were introduced into a 300 ccs Kjehldal flask, 
fitted with a reflux condenser, and heated to boiling on a graphite 
bath. Hereafter 2 gr of sodium were added to the boiling solution 
through the condenser in small portions during about 40 minutes, 
and the boiling was prolonged for 1 hour. The hot solution was then 
mixed with 140 ccs of distilled water and 7 ccs of concentrated nitric 
acid, and a jV/40 silver nitrate solution was added in a small excess. 

The solution was then filtered through a filtration tube filled with 
cotton wool and a little paper pulp, washed with 100 cc of water, 
and, after addition of 2 ccs of a saturated ferric ammonium alum so¬ 
lution was back titrated with a Nf 40 ammonium thiocyanate solution 
to a distinct pink colouration. 

A blank with 300 ccs of distilled water shew that 0*3 cc of the N/40 
thiocyanate solution are necessary to obtain a distinct rose colour. 
This amount was subtracted in each titration. 

The silver nitrate solution was standardized under the same con¬ 
ditions against both potassium bromide and sodium chloride, and 
the mean of the two determinations was taken. (0*9959 iV/40 for 
KBr and 0*9969 N/4 0 for NaCl). 

The results of the determinations by this modified method were 
as follows: 


Weighed: 

0*0978 gr of hexabromobenzene, found Br 86*93, 

0*1020 gr » hexabromonaphthalene, » Br 80*03 

0*1043 gr » » > Br 79*85 

0*1069 gr » » » Br 80*09, 

0*1224 gr of pentambromotoluene, » Br 82*23, 


theory 86*95 


theory 79*72 
theory 82*12 
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The presence of butanol coloured slightly yellow by the organic 
substance does not interfere with the titration. 

The simple boiling of the substance with a sodium butyl alcoholate 
solution is not sufficient to obtain satisfactory results, as was de¬ 
monstrated by the following experiment: 2 or of sodium were dissolved 
in 30 ccs of boiling butanol. Hereafter 0'1118^/of hexabromonaphtalene 
were added, and the solution was kept boiling for 2 hours. The 
titration gave only 53'69 per cent of bromine (theory 79 - 72). 

Sum mary. 

1. Stepanoff’s method for the determination of halogens in 
organic substances, as modified by C. W. Bacon, J. Drogin and 
M.Rosanoff does not yield satisfactory results in the analysis of highly 
brominated hydrocarbons. When replacing ethyl alcohol by butanol 
in the analysis the results are very accurate. 

2. Accurate determinations of the melting points in an electrically 
heated oven, with mica windows, enclosing the whole column of 
a short stem thermometer gave the following values: 

hexabromobenzene m. p. 327° C, 
pentabromotoluene m. p. 288° C, 
hexabromonaphthalene m. p. 317° C. 

Received May 15th, 1931. 

Fuel Technology Institute 
Faculty of Chemico-technological Engineering 
of the Ceske vysoke uceni technicke, Prague. 
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ETUDE SUR L’OXYDATION ET LE DOSAGE DE I/HYDRA¬ 
ZINE ET DE LA SEMICARBAZIDE AU MOYEN DE LTO- 
DATE DE POTASSIUM 

par V. HOVORKA. 

Les methodes de dosage de i’hydrazine et de la semicarbazide 
sont basees sur un processus d’oxydation dans lequel le sel d’hydra- 
zine (forme dans le cas de la semicarbazide sous Paction d’un acide), 
donne de Pazote libre et de 1’eau. Les oxydations de ce genre ont 
lieu en milieu soit alcalin, soit acide, et on les obtient au moyen des 
agents d’oxydations suivants: KIO s , HI0 3 , KBrO s + KBr, KMn0 4 , 
K 2 Cr 2 O n> ou encore les sels Cu", Hg", Fe". L’oxydation terming, on 
mesure le volume d’azote mis en liberte ou on determine la consom- 
mation d’agent oxydant. 

Dans le present travail, j’etudie l’oxydation et le dosage d’hydra- 
zine au moyen de l’iodate de potasse d’apres le procede de Rimini 1 ) 
en milieu acide, mais avec addition de perchlorate mercurique aux 
melanges reactionnels. Le dit auteur avait elabore sa methode pour 
les milieux indifferemment acides ou alcalins. 

Dans Poxydatjon de Phydrazine en milieu alcalin il s’agit essen- 
tiellement de la reaction 

I ' 3 JVy? 4 + 2 KI0 3 — 3 iV 2 + 2 KI + 6 H 2 0. 

L’exces d'iodate apres oxydation est determine iodometriquement. 
Ainsi que Pont montre A. Kurtenacker et H. Kubina, 2 ) puis 
W. C, Bray et E. I. Cuy, 8 ) la reaction n’est applicable au dosage 
de Phydrazine que dans le cas ou la solution acide de sel hydra- 
zinique est d’abord additionnge d’un exces d’iodate de potassium, 
et de soude ^caustique seulement ensuite. Si cet ordre de mflange 
n’est pas observe, les r&ultats obtenus sont r^gulierement trop bas. 

Lors du dosage de Phydrazine d’apres Rimini en solution acide, 
les deux reactions suivantes ont simultanement lieu: 

11 15 N 2 Hi. U 2 SOi + 10 KI0 3 = 

= 15 N 2 4 " 30 H 2 0 4- 5 K 2 S0i + 10 ff 2 S0 4 4-10 HI 


i 
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HI 10 HI + 2 KIO» + B. 2 80 a = K,SO, + 6 H,0 + 12 L 

ou 15 NJ-I { . H,S0i + 12 KIO :t = 

= 15 Y> + 36 1L0 + 6 K»SO a + 9 Z/ 2( S'0 4 + 12 I. 

L’iode forme est expulse par ebullition, l’exces d’iodate est dose, 
apres addition de KI, au moyen de thiosulfate. 

Ce procede de dosage donne des chiffres theoriques (C. F. H a 1 e 
et H. W. Redfie 1 d 4 )), parce que l’oxydation s’accomplit sans re¬ 
actions secondaires et ne fournit que de 1’azote et de l’eau. Son 
inconvenient est d’exiger une ebullition tres prolongee pour expulser 
la totalite de l’iode et un refroidissement de la liqueur avant la de¬ 
termination de 1’exces d’agent oxydant. Ces inconvenients n’apparais- 
sent pas dans le procede Bray et Cuy qui operent l’oxydation a la 
temperature ordinaire en vase clos et, au lieu de chasser l’iode, le 
determinent simultandment avec l’exces d’iodate. 

On rencontre 1’application du procede Rimini dans la m6thode 
de Maselli 5 ) pour le dosage dela semicarbazide, ou ce corps est 
d’abord dedouble par ebullition avec de l’acide sulfurique dilue sui- 
vant le schema: 

°°<NH 2 . NH, + 2H *° = c °2 + H 2° + NH S + N 2 IH , 

apres quoi l’hydrazine raise en liberte est dosee d’apres Rimini. 

Analogue ft la methode ci-dessus de Bray et de Cuy est le pro¬ 
cede Kurtenacker et Kubina pour doser la semicarbazide: Le de- 
doublement et 1’oxydation sont operas a la temperature ordinaire, 
en vase clos, au moyen d’acide sulfurique et d’iodate, et l’iode libere 
est dose simultanement avec l’exces d’agent oxydant. 

Dans le dosage de l’hydrazine d’apres Rim ini en milieu acide I’ex- 
pulsion de l’iode constitue une operation desagreable et lente. Bray et 
Cuy 1’evitent en opSrant en vase clos et en dosant l’iode mis en 
liberty, apres addition d 'IK, a la fois avec l’exces d’iodate. La quantite 
d’iode forme est considerable, l’iode se s£pare meme au sein du liquide. 
Le vase presente une surpression qui augmente du chef de l’azote 
degage dans 1’oxydation de 1’hydrazine. Vu cette surpression, il y a des 
pertes probables d’iode qui peuvent se produire d’une part par suite 
de I’etancheite imparfaite de la fermeture, d’autre part au moment 
du debouchage necessaire pour l’addition de l’iodure de potassium. 

Pour dviter l’ebullition necessaire a 1’expulsion de l’iode dans la 
methode de Rimini, et les pertes possibles pouvant se produire dans 
le procede Bray et Cuy, j’ajoute du perchlorate mercurique aux 
melanges reactionnels. 6 ) 
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Dans les oxydations par 1’acide iodique (iodates en milieu acide) 
les sels mercuriques se comportent, suivant les conditions de 1’expe- 
rience, des deux manieres suivantes: 1. ils fixent les ions I', formes 
par la reduction de 10+ a Fetal de Egl 2 non dissocie, ou 2. ils 
reagissent de la faqon suivante avec l’iode libere: 

6 Hg" + 12 1 + 6 H a 0 = 5 Hgl, + Hg(I0 8 ) 2 4- 12 H' 

6 Hg{(JlOd° + 121+ 6 i/,0 = 5 Hgl 2 + Hg(IO s ), + 12 HCIO 4 . 

La premiere eventuality, c’est-a-dire la fixation d’ion I' (empeche- 
ment de la reaction entre HI et IIIO s ), a lieu dans le cas oil le melange 
reactionnel presente un grand exces de sel mercurique (perchlorate ou 
sulfate). Dans ce cas-la, le mercure se trouve a la fois dans la solution 
(Eg") et dans le precipite (iodate et sulfate basique si on avait acidule 
par HzSOj). Vu que la majeure partie de I0 8 est combinee a I’etat de 
Hg(IO s ) 2 , l’oxydation ne se fait que lentement et ne donne pas de quan¬ 
tity un peu forte de HI a la fois. Le peu d’acide iodhydrique forme est 
en effet aisement transformd au fur et a mesure en iodure mercurique. 

Le deuxieme cas, c’est-a-dire la reaction de l’iode avec les sels mer¬ 
curiques, se presente lorsque l’exces de sel mercurique dans le melange 
reactionnel est moins considerable et qu’on agite peu. lei, le mercure 
se trouve principalement dans le precipite, tandis que la solution ne 
renferme que peu de Hg". Dans un tel melange l’oxydation par 1’acide 
iodique s’accomplit plus rapidement, mais 1’acide iodhydrique forme, 
etant partiellement oxyde par 1’acide iodique, ne passe pas entierement 
a I’etat de Hgl 2 . II y a mise en liberte d’iode qui, lorsqu’on agite, 
reagit avec le sel mercurique contenu dans le precipite. 

C’est avec les sels mercuriques dissocies (perchlorate, sulfate) que 
l’iode reagit le mieux, mais il est ^galement fixe par des sels inso¬ 
lubles, tels que le sulfate basique ou le phosphate. Avec le chlorure 
mercurique il ne reagit que tres lentement et difficilement. Lors de 
la reaction entre l’iode et les sels mercuriques, il se forme des preci- 
pit6s blancs au premier moment mais qui deviennent jaunes et oranges 
plus tard. Par une quantity d’iode plus considerable ils acquierent une 
couleur rose. 11 semble que 1’iodure mercurique forme dans la reaction 
entre dans la composition des precipites colons (produits plus com¬ 
plexes) dont il se detache plus tard (lorsque sa proportion y augmente). 
Dans la reaction mentionnee de 1’iode avec le sel mercurique il se produit 
de l’iodate mercurique qui dans une solution acidulee de KI libere 
12 J, soit une quantity egale a celle fixee par le sel mercurique. 

Dans ma nouvelle methode de dosage de 1’hydrazine en liqueur 
' acide en presence de perchlorate mercurique, il n’y a pas de pertes 

i* 
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d’iode, 1’equation III n’entre pas en ligne de compte, et la consommation 
■d’iodate decoule de 1’equation I. 

Dans un melange acidule de solutions de KIO s , Hg{Cl0^. 2 et 
1’oxydation de l’hydrazine se fait lentement, parce que 
la majeure partie de l’agent oxydant se fixe a I’etat de Hg(IO s ) 2 peu 
soluble, et que l’agent reducteur, c’est-a-dire le sulfate d’hydrazine, 
passe lui aussi dans le precipite qui se forme lors du melange du 
sulfate d’hydrazine et du perchlorate ou du sulfate mercurique, et se 
compose probabiement de sels doubles. Si, toutefois, le sulfate d’hydra¬ 
zine est remplace par du chlorhydrate, ou si apres le sulfate on 
ajoute de l’acide chlorhydrique, l’oxydation de l’hydrazine devient 
plus rapide. En effet, i’acide chlorhydrique dissout non seulement 
1’iodate mercurique, mais encore les composes hydraziniques insolubles, 
ce qui fait augmenter la concentration en ions I0 S ' et N 2 H 5 '. 

La vitesse d’oxydation et 1’exactitude du dosage de l’hydrazine 
depend toutefois de la proportion de l’acide chlorhydrique ajoute. 
Lorsque le melange renferme l’acide chlorhydrique en quantite ca- 
■ pable d’empecher la formation de l’iodate mercurique et des composes 
doubles, il se produit une quantite considerable d’iodure mercurique 
(se separant plus tard sous forme d’un precipite soyeux) qui n’agit 
que lentement sur I’iode libere et ne le fixe pas entierement. Dans 
un tel melange 1’oxydation de 1’hydrazine s’accomplit, il est vrai, en 
quelques minutes, mais en nteme temps il y a mise en liberte d’iode 
qui ne passe que partiellement a l’etat de chlorure mercurique tandis 
que la majeure partie en reste dans le liquide et au-dessus de lui. Pour 
le dosage de Phydrazine il importe que le melange reactionnel ne 
contienne qu’une quantite appropriee de HGl (et partant de HgCl 2 ), 
ne suffisant pas, il est vrai, pour empecher comptetement la forma¬ 
tion d’iodate mercurique et de sels mercuriques insolubles, mais qui 
cependant accelere 1’oxydation et n’entrave pas la fixation d’iode. 
L’addition de HCl a pour but d’augmenter la concentration en I0 8 ' 
et N 2 H 5 \ Toutefois, cet acide ne doit pas transformer la totalite du 
sel mercurique en chlorure mercurique qui fixe mal l’iode. J’ai pu 
constater que la quantite de HGl la plus avantageuse est celle qui 
transforme en HgCl% 30—50% du perchlorate mercurique present. 

L’oxydation de l’hydrazine commence 1 minute environ apres le 
melange des corps reagissants, elle est pratiquement terminee au bout 
de 30—35 minutes. Elle se manifeste par un degagement d’azote et 
un virage de la couleur du precipite de blanche en jaune ou quelque- 
fois en rose. Le plus souvent elle devient plus claire par un repos 
prolonge. Si l’on a op£re avec une quantite un peu considerable de 



sel hydrazinlque ou d’acide chlorhydrique sans trop agiter, ie liquids 
se colore faiblement par l’iode, mais cette coloration disparait apres 
agitation par suite de sa reaction avec Ie sel mercurique. Chez de 
tels melanges les precipites renfermeni assez sou vent de 1’iodure mer¬ 
curique m€me apres 30 minutes. L’oxydation terminee, ie melange est 
additionne d’un exces d’iodure de potassium qui dissout le precipite 
renfermant lit/ 11 , 10 3 , Cl, I, SO A . En m§me temps, il y a mise en liberie 
d’iode qu’on dose au moyen de thiosulfate. 

Ma nouvelle methode de dosage de 1’hydrazine en presence de 
perchlorate mercurique donne des resultats concordant bien avec ceux 
de la methode de Rimini, ce qui prouve que Poxydation de 
Phydrazine n’est pas accompagnee de reactions secondaires qui 
puissent determiner des pertes d’hydrazine. *) Elle constitue une 
acceleration essentielle de la methode de l’auteur italien, vu que 
Pebullition du melange reactionnel et son refroidissement ulterieur 
sont supprimes. L’execution d’un essai exige le meme temps que le 
dosage par la methode Kolthoff 7 ) basee sur la reaction de Saba- 
najev 8 ) (oxydation de Phydrazine par le permanganate en liqueur 
alcaline). 

Dans le dosage de la semicarbazide d’apres mon nouveau procede 
au Hg(ClO 4 ) 2 c’est Phydrazine detachee de la semicarbazide- sous 
Paction de l’acide qui est oxydee et dosee. 

Dans les conditions etudiees le chlorhydrate de semicarbazide ne 
forme de combinaison insoluble ni avec le perchlorate ni avec le 
sulfate mercuriques. Grace a cela le melange des corps a faire rSagir 
ne donne au debut qu’un precipite d’iodate mercurique. Des combi- 
naisons insolubles du sulfate d’hydrazine avec le perchlorate ou le 
sulfate mercuriques ne sauraient exister dans le precipite que d’une 
fa^on transitoire. Elies peuvent en effet se former k partir du sulfate 
d’hydrazine engendre dans la scission de la semicarbazide. L’hydrolyse 
de cette derniere et Poxydation de Phydrazine qui en natt sont ter¬ 
minus en 30 minutes, ainsi que j’ai pu le constater en comparant les 
chiffres obtenus avec les resultats que donne la methode de Maselli. 
Toutefois, ma methode est bien plus commode et expSditive que 
celle de Pauteur italien, et donne des resultats tout a fait satisfaisants. 

Je t&cherai d’etablir par de nouvelles recherches si ma methode 
au perchlorate mercurique se laissera appliquer au dosage d’autres 
d£riv£s hydraziniques. 

*) Dans leur travail, Bray et de Cuy signalent l’etude de Brown et 
S h e 11 e r 1 y ou ces auteurs observent la formation de et de XU, lors de 
l’oxydation de Phydrazine par l’acide iodique en presence de sels d’argent. 
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Lors de Poxydation de l’hydrazine par l’iodate ou Phypobromite 
en milieu alcalin il y a formation d’ammoniaque. Lorsque l’oxydation 
a lieu au contact de Pair, cette formation est aisement explicable par 
Paction de Poxygene atinospherique sur Phydrazine liberee .*) Toute- 
fois, meme en operant dans un courant d’hydrogene, on observe 
de faibles quantites d’ammoniaque variant avec les conditions de 
^experience. 

La formation d’ammoniaque fait voir que Poxydation de Phydrazine 
ne s’accomplit pas seulement d’apres l’equation I, mais qu’une faible 
proportion d’hydrazine subit une autre decomposition. Pour en elu- 
cider la cause et pour voir s’il se forme a cote de Pammoniaque 
un autre produit azote, il sera necessaire de faire une nouvelle serie 
d’essais dans lesquels on etudiera Pinfluence de Palcali, de la pro¬ 
portion de sel hydrazinique, d’iodate, et enfin Poxydation de Phydra¬ 
zine par Phypoiodite qui dans les desoxydations de Piodate apparait 
quelquefois comme produit transitoire. 

Partie expdrimentale. 

Les sels suivants ont servi dans mes essais: le sulfate d’hydrazine 
Merck (2 fois recristallise), le chlorhydrate d’hydrazine (Merck) et 
le chlorhydrate de semicarbazide (Schuchardt). 

Solution 1: 4 gr environ de N 2 H 4 . H^SO^ dans 1 litre 

» Il: 35 » » * NoHi. 2 ECl » 1 » 

» III: 5 » » » CO . (NH 2 )N1I.NH 2 .HCl dans 1 litre. 

La teneur en hydrazine etait determinee au moyen des ntethodes 

de Rimini, de Bray et Cuy, et de Maselli. 

Les acidulations etaient operees au moyen de l’acide sulfurique 
dilue (1:10). Pour la dissolution partielle des ptecipites mercuriques 
je me servais d’acide chlorhydrique dilue (de 2V/25 environ). L’oxy¬ 
dation de Phydrazine etait effectuee par KI0 S ou KBrO N /10 environ.' 
Une solution de Na 2 S 2 O a environ N /10 servait au titrage de Piode. 
Dans les essais executes en presence de perchlorate mercurique 
le titre de Piodate etait toujours etabli en presence d’une quantity 
de H<i(ClO^) i dgale a celle ajoutee au melange reactionnel. 

*) Parmi les divers auteurs ce soni surtout Bray et Cuy 0 ) qui soulignent 
1’action de l’oxygene de Pair sur Phydrazine en liqueur alcaline. Ces mernes auteurs 
demontrent qu’a la temperature ordinaire et en Pabsence de Pair Phydrazine libre 
ne subit, pendant 26 heures, aucune decomposition par une solution normale de 
soude caustique. 
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La solution de perchlorate mercurique etait preparee en dissolvani 
55 — 60 gr d’oxyde mercurique fraichement precipite dans 300—350 gr 
d’acide perchlorique a 20°/ 0 et en ramenant au litre (2 cc. de cette 
liqueur renfermaient 0 - 1093 gr de mercure). 

Void le mode operatoire dans les diverses methodes employees: 

M6thode de Rimini: Une solution de sulfate d’hydrazine acidulee 
par H^SOi est additionnee d’un exces de KIO s Nj\0 environ, et 
le melange est maintenu a l’ebullition jusqu’a expulsion totale de 
l’iode. Apres avoir refroidi, on ajoute un exces de KI, et l’on deter¬ 
mine au moyen de thiosulfate 1’iode mis en liberte. 

Methode de Bray et de Cuy: Une solution acidulee de sel 
hydrazinique, placee dans un ballon Erlenmeyer, est additionnee d’un 
exces d’iodate. Au bout de 5 minutes, on ajoute avec precaution 
un exces de KI, et l’on dose l’iode par le thiosulfate. 

Methode de M a s e 11 i: Une solution de chlorhydrate de semi- 
carbazide est maintenue pendant 1 / i d’heure en ebullition avec de 
l’acide sulfurique etendu, puis additionne d’un exces de KIO & , apres 
quoi on precede d’apres Rimini. 

Dans le dosage de l’hydrazine par 1’iodate de potassium en liqueur 
acide et en presence de Hg{ClO^). 2 void comment il faut proceder: 
A la solution de sel hydrazinique (contenant pour le chlorhydrate 
009 gr, pour le sulfate 012 gr au maximum), adduce par 10 cc, 
de H 2 80i dilue (1:10) et 20—30 cc. de IICl dilue, on ajoute 4 cc, 
de solution de Eg{Cl0^. i et un exces d’iodate. Le melange reactionnel, 
qui separe un precipite blanc, est abandonne a la temperature ordi¬ 
naire en agitant de temps a autre. 

Lors de l’oxydation de l’hydrazine, qui se trahit apres 1 minute 
environ par un jaunissement des precipites, il y a degagement d’azote 
qui est le plus vif dans les premieres 10 minutes. II arrive parfois 
qu’il se separe de I’iode mais qui disparait lorsqu’on melange le liquide 
r^actionnel. Apres 30—35 minutes, on ajoute un exces d’iodure de 
potassium (4 gr) qui dissout le precipite et agit en mdne temps sur 
l’iodate avec mise en liberte d’iode. Ce dernier est dos£ au thiosulfate 
par iitrage habituel. 

Lorsqu’on opere sur du sulfate d’hydrazine solide, on fait bien 
de l’employer sous forme d’une poudre et d'en mettre en solution la 
majeure par tie par addition d'acide chlorhydrique dilu<§. C’est alors 
seulement qu’on ajoute de 1’acide sulfurique etendu et qu’on precede 
comme ci-dessus. 

La marche a suivre dans le dosage de la semicarbazide est la 
meme que pour les sels hydraziniques. 
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Pour calculer l’hydrazine on se sert dans la methode de Rimini 
et Maselli de la proportion suivante: 

15 N 3 H t .12 KI0 8 .72 I. 

Dans la methode de Bray et de Cuy, dans celle de Rimini 
en liqueur alcaline et dans mon nouveau precede au perchlorate 
mercurique on met en calcul la proportion: 

3 N 2 Hi .2 KI0 3 .12 1 

ou N 2 Hi .4 I. 


Oxydation de thydrazine en milieu acide. 

Oxydation par l’iodate en presence de perchlorate 

mercurique. 

Par une serie d’essais j’ai d’abord etabli l’influence qu’exerce sur 
l’oxydation la proportion d’acide .chlorhydrique et la duVee de re¬ 
action. J’ai opere sur du sulfate d’hydrazine pulverise dont la teneur 
en hydrazine avait ete determinee par la methode de Rimini. Les 
resultats obtenus sont rassembles dans le tableau 1. 

Tableau I. 

Methode de Rimini. 




f Na 2 S 2 0 3 

; N /10 

environ — 

1-0071. 


No 

Mis en oeuvre 
(jr de N t H t . H a SO t ' > 

h 

a 

T rouve Hydrazine 

gr trouvee en % 

1 

0i063 

49-75 

10-76 

38-99 

0-02621 

24-66 

2 

0-0914 

4975 

16-34 

33-41 

0-02246 

24-58 

3 

0T003 

49-75 

f Na 2 S/J 8 

1303 36-72 002469 

Moyenne: 

Nj 10 environ == 0-98116. 

24-61 

24-61% 

1 

0-1058 

63-38 

23-62 

39-76 

0-02604 

24-62 

2 

0 0964 

63-38 

27-25 

36-13 

0-02367 

24-55 

3 

0-0627 

63-38 

39-86 

2352 

0-01541 

24-57 

4 

0-1006 

63-38 

25-53 

37-85 

0-02479 

24-64 

5 

0-0999 

63-38 

25-90 

37-48 

0-02455 
Moyenne: 

24-58 

24-59°/ 0 


*) a — cc. de Na 2 S 2 0 3 2V/10 environ consommes’par l’iode Iib6r6 de 


l’iodate. 
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h — cc. de Na 2 S 2 0 B NjlO environ consommes par 1’iode Hbere du 
restant d’iodate. 

c = cc. de Na»S 2 O s Nj'l 0 environ consommes par 1’iode repondant 
a 1’iodate disparu. 

La teneur en hydrazine trouvee par ce precede s’accorde bien 
avec la teneur theorique pour N 2 U i .U. i BO i qui est de 24-63%. 

Dans' Ies essais suivants, oil l’oxydation a ete operee en presence 
de perchlorate mercurique, je mettais en oeuvre de 008 a 0-125 gr 
de sel solide dont je mettais la majeure partie en solution par addi¬ 
tion d’acide chlorhydrique etendu. Les melanges reactionnels etaient 
acidules par 10 cc. d’acide sulfurique dilue, puis additionnes d’un 
meme volume (4 cc) de solution de perchlorate mercurique. 

Voici les resultats de plusieurs series d’essais .- 

I. Mis en oeuvre: 20 cc. de HCl Nj 25 env. Duree d’action: 15 minutes. 

Moyenne de 10 essais: 24-37% de N 2 Hi. 

II. Mis en oeuvre: 20 cc. de meme acide. Duree d’action: 20 minutes. 

Moyenne de 5 essais: 24*49% de N 2 Ei. 

III. Mis en oeuvre: 20 cc. de meme acide. Duree d’action: 30—35 minutes. 


Tableau II. 

f Na 2 S 2 0 B Nj 10 environ = 0 98116. 


No 

Mis en oeuvre 
yr de N t H t . H 2 SO t a 

b 

c 

Trouve 
yr de N 2 H 4 

Hydrazine 
trouvee en % 

1 

0-0715 

49-43 

27-03 

22-40 

0-01761 

24-63 

2 

0-0856 

49-43 

22-65 

26-78 

0-02105 

24-59 

3 

0-0878 

49-43 

21-96 

27-47 

0-02159 

24-60 

4 

0-0882 

49-43 

21-80 

27-63 

0-02172 

24-61 

5 

0-0965 

49-43 

15-30 

30-23 

0-02376 

24-63 

6 

0-0812 

49-43 

24-07 

25-36 

0-01993 

24-55 

7 

0-1058 

49-43 

16-37 

33-06 

0-02598 

24-56 






Moyenne 

: 24-59% 



/’ Na 2 S. 2 0 :i 

2V/10 

environ = 

1-0148. 


1 

0-1267 

4657 

8-37 

38-20 

0-03106 

24-52 

2 

0-1050 

46-57 

14-80 

31-77 

0-02583 

24-60 

3 

0-1296 

46-57 

7-40 

39-17 

0-03184 

24-58 

4 

0-1067 

46-57 

14-25 

32-32 

0-02628 

24-63 

5 

0-1249 

46-57 

8-80 

37-77 

0-03071 

24-59 






Moyenne 

: 24-58% 
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IV. Mis en oeuvre: 10 cc. de HOI Nj 25 env. Dur£e d’action: 30—35 min. 

Tableau III. 


f Na 2 S 2 0 s jV/lO environ — 1-0148. 


No 

Mis en oeuvre 
fir de M7/,. H.S 

0 t " 

h 

C 

Trouve Hydrazine 

gr de N'J1 A trouvee en % 

1 

0T015 

46-57 

15-90 

30-67' 

0-02493 

24-57 

2 

0-0898 

46-57 

1950 

27-07 

0-02201 

24-51 

3 

0-1022 

46-57 

15-75 

30-82 

0-02506 

24-52 

4 

0-0814 

46-57 

21-87 

24-70 

0-02008 

24-67 

5 

0-0970 

46-57 

17-20 

29-37 

0-02388 

24-62 

6 

0-0787 

46-57 

22-99 

23-58 

0-01917 

24-36 

7 

0-1041 

46-57 

15-20 

31-37 

002550 

24-51 

8 

0-1267 

46-57 

8-36 

38-21 

0-03107 

24-52 

9 

0-0936 

46-57 

18-35 

26-22 

0-02294 

24-52 

10 

0-0892 

46-57 19-60 26-97 002193 

Moyenne (a l’exclusion du n° 6) 

24-58 

: 24-55°/ 0 (24-53%) 


V. Mis en oeuvre 30 cc. de HGl jV/25 env. Duree d’action: 30—35 min. 

Moyenne de 5 essais: 24-57% de N 2 H 4 . 

VI. Mis en oeuvre 40 cc. de meime acide. Duree d’action: 30—35 minutes. 

Moyenne de 3 essais: 24-54% de iV 2 lf 4 . 

La comparaison des series I—III fait voir que I’oxydation de l’hydra- 
zine est terminee au bout de 30—35 minutes. La partie principale 
de 1’hydrazine est oxydee durant les premieres 10 minutes, tandis que 
le reste ne s’oxyde que lentement. Ce ralentissement peut £tre du 
a ce que la concentration en agent d’oxydation et agent de reduction 
a subi une diminution, et que la formation des ions 10% et N 2 H r ,' 
& partir des precipites n’a lieu que lentement.. 

Voici maintenant ce qui resulte de l’examen des tableaux 111—VI: 
La dose d’acide chlorhydrique la plus avanfageuse est de 20 a 30 cc. 
d’acide N/ 25 environ, car pour elle les chiffres obtenus s’approchent 
le plus des valeurs thloriques. Une dose de 10 cc. de cet acide donne 
elle aussi des resultats satisfaisants, mais l’oxydation de l’hydrazine 
est ici plus lente, de sorte qu’un degagement considerable d’azote 
s’observe m&me apres 10 minutes. Dans les cas oil l’on opere avec 
une proportion de HOI superieure a 10 cc., l’oxydation est plus ra- 
pide, ce qu’on peut expliquer en admettant que dans ce cas 1’acide 
met en solution un nombre plus considerable d’ions 10% et N 2 H n \ 
L’addition de 40 cc. de HGl JSf/25 ne convient pas pour l’analyse, 
parce qu’il se produit alors plus de chlorure mercurique qui fixe mal 
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l’iode. (En pareil cas, il faut que le melange reactionnei soil plus fre- 
quemment agite.) 

L’influence de l’acide chlorhydrique ressortira avec plus d’evidence 
du tableau suivant indiquant le rapport entre le perchlorate mercurique 
mis en oeuvre (exprime en gr de Eg) et l’acide chlorhydrique employe: 

IV: 4 cc. de solution de Hg{Cl0 4 ) 2 . . 10 cc. de EGl Ni25 environ 



= 0-2186 gr de Hr/ . . 

. 0-1364 gr de HCl 

Ill: 

0-2186 gr de Hr/ . . 

. 0-02729 gr de HCl 

V: 

0-2186 gr de Hr/ . . 

. 0-04093 gr de HCl 

VI: 

0-2186 gr de Hr/ . . 

. 0-05458 gr de HCl 


Dans les series IV, III et V 1’allure de reaction est la plus favo¬ 
rable pour les cas oil l’acide chlorhydrique ajoute peut former theori- 
quement 17*16%, 34'33°/ 0 et 51*5% de chlorure mercurique par rap¬ 
port au mercure total. 

Voici maintenant les resultats obtenus dans le dosage de l’hydra- 
zine dans son chlorhydrate: 

Tableau IV. 

f Na 2 S 2 0 3 N/ 10 environ = T0148. 




Sans addition 

de HCl. 



No 

' Mis en ouvre 
gr de . 2 HCl 

a 

b 

c 

Trouve Hydrazine 

gr de N 2 H 4 trouvee en 

1 

00904 

46-62 

12-70 

33-92 

0-02758 

30-51 

2 

0-0940 

46-62 

11-36 

35-26 

0-02867 

30-50 

3 

0-0843 

46-62 

14-84 

31-78 

0-02584 

30-65 

4 

0-0972 

46-62 

10-19 

36-43 

002962 

30-47 






Moyenne: 

30"53°/ 0 


Avec addition 

de HCl: 10 

cc. HCl Ni 25 environ. 


1 

0-0975 

46-62 

9 : 96 

36 66 

0-02981 

30-57 

2 

0-0947 

46-62 

11-20 

35-42 

0-02880 

30-41 

3 

0-0899 

46*62 

12-97 

33-65 

0-02736 

30-43 

4 

0-0788 

46-62 

17-02 

29-60 

0-02407 

30-54 

5 

0-0956 

46-62 

10-73 

35-89 

0-02918 

30-52 






Moyenne: 

30-49O/ 0 


Les valeurs trouvees pour l’hydrazine concordent blen avec celle 
qu’exige la formule N 2 Hi.HCl (30'53%). Si toutefois la proportion 
d’acide chlorhydrique est considerable, la moyenne des chiffres ob¬ 
tenus est plus basse. 
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Comparaison des diverses methodes. 

Alors que dans la methode de Bray et de Cuy on fixe 1’iode 
par KI, j’ai essayS d’arriver au meme rSsultat par addition d’une 
solution de perchlorate mercurique. 

Des melanges renfermant des quantity constantes soil de sulfate, 
soit de chlorhydrate d’hydrazine acidules en presence d’un exces 
d’iodate de potassium, ont ete abandonn6s au repos, en vase clos, 
pendant 5 minutes, puis additionnes avec precaution soit d’une so¬ 
lution de KI, soit d’une certaine quantity de Hg{Cl0 4 ) 2 . Dans l’un et 
i’autre cas on faisait couler le reactif sur les parois du vase. L’ab- 
sorption des vapeurs d’iode par le perchlorate etait instantanee, plus 
lente avec l’iodure de potassium. [La quantite de perchlorate necessaire 
pour fixer l’iode doit Stre double de celle employee dans l’oxydation 
en presence de Hg[Cl0 4 ) 2 .] 

Voici les donnees experimentales: 

A. Solution de sulfate d’hydrazine: 

Oxydation en presence de Hg{Cl0 4 ). 2 : 

Moyenne de 5 essais: 0*02653 gr de N 2 II 4 . 

Fixation de l’iode par ,IIg(Cl0 4 ) 2 apres oxy¬ 
dation a I’iodate: 

Moyenne de 5 essais: 0*02655 gr de N 2 H 4 . 

Fixation de 1’iode par KI d’apres Bray et 
Cuy: 

Moyenne de 5 essais: 0*02656 gr de 'N 2 H 4 . 

B. Solution de chlorhydrate d’hydrazine: 

Oxydation en presence de Hg{ClO 4 ) 2 : 

Moyenne de 5 essais: 0*02822 gr de N 2 1I 4 . 

Fixation de 1’iode par HgiClO^ apres oxy¬ 
dation a l’iodate: 

Moyenne de 5 essais: 0*02825 gr de N«II 4 . 

Fixation de 1’iode par KI d’apres Bray et 
Cuy: 

Moyenne de 5 essais: 0*02826 gr de N Z E T 4 , 

Ces chiffres font voir que I’accord entre les diverses .m&hodes 
est tres satisfaisant. Les valeurs obtenues dans l’oxydation de 1’hydra- 
zine en presence de perchlorate mercurique sont regulierement un 
peu plus basses que celles observees dans les procedes oil l’iode est 
fixe apres oxydation prealable. 
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Dosage de 1’hydrazine dans la semicarbazide. 

J’ai procSde ici de la meme maniere que pour doser 1’hydrazine 
dans ses sels: Les melanges reactionnels renfermaient 0 097 au ma¬ 
ximum de chlorhydrate de semicarbazide, un exces d’iodate de potas¬ 
sium, 4 cc. de solution de perchlorate mercurique, 10 cc. d’acide sulfu- 
rique dilue, 10 cc. d’acide chlorhydrique dilue. L’hydrolyse de la semi¬ 
carbazide et l’oxydation de 1’hydrazine mise en liberte ont ete terminees 
en 30—35 minutes. Les rfisultats ont ete controles par la methode 
de Maselli. . 

Tableau V. 

Dosage de 1’hydrazine dans Ie chlorhydrate de semicarbazide. 
f Na 2 S 2 O s Nl 10 environ = 1*0148. 


Methode de.Maselli: 
A. 


No 

cc. de solution de 
CO.NHi.NH.NHt.HCl " 

h 

c 

Trouve 

Or de NH 4 

1 

25 cc. 47*46 

6*23 

41*23 

0*02793 

2 

25 » 47*46 

6*18 

41*28 

0*02797 

3 

25 » 47*46 

6*20 

41*26 

0*02795 

4 

25 » 47*46 

6*20 

41*26 

0*02795 

Moyenne: 0*02795 


En presence 

de sel mercurique. 

Duree de 1’essai: 15 minutes. Mis en oeuvre: 4 cc. de solution 

de Hg{OlO 4 ) 3 . 

1 

25 cc. 47*42 

13*30 

34*12 

0*02775 

2 

25 » 47*42 

13*28 

34*14 

0*02776 

3 

25 » 47*42 

13*28 

34*14 

0*02776 

4 

25 » 47*42 

13*30 

34*12 

0*02775 


Moyenne: 0*02775—6 


B. Autre solution de chlorhydrate de semicarbazide. 


Methode de Maselli: 


1 

25 cc. 

46*65 

5*05 

41*60 

0*02818 

2 

25 » 

46*65 

5*10 

41*55 

0*02809 

3 

25 * 

46*65 

5*08 

41*57 

0*02817 


Moyenne: 002813 
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En presence de sel mercurique/ 

Duree de l’essai: 30—35 minutes. Mis en oeuvre: 4 cc. de solution 


de . 


No 

1 

2 

3 


cc. de solution de 
CO.Xffz.XH.XHz.HCl “ 

b 

a 

Trouve 
';'* de N,ff, 

25 cc. 

46*62 

12*18 

34*44 

0*02807 

25 > 

46*62 

12*21 

34*41 

0*02804 

25 » 

46*62 

12*20 

34*42 

0*02805 


Moyenne: 0*02805 

Le tableau fait voir que les resultats obtenus par ma mSthode 
sont, il est vrai, un peu plus bas que ceux que donne la methode de 
Maselli, mais que les ecarts ne depassent pas les limites tolerees. 
Le fait est peut-$tre du ce que les produits peu solubles qui se 
torment d’une maniere transitoire a partir du sulfate ou du perchlorate 
mercuriques et du sulfate d’hydrazine, sont plus lents a se decomposer. 


Oxydation de Vhydrazine en milieu alcalin. 

Comrne agent oxydant, servaient des solutions Nj 10 environ 
d’iodate ou d’hypobromite de potassium. 

L’hypobromite alcalin fut deja employe par Bray et Cuy, irais 
ceux-ci procederent de maniere a ajouter un exces de brome aux solu¬ 
tions alcalinisees de sel d’hydrazine, fandis que dans mes essais oi 
ajoutait directement une solution alcaline de KBrO. 

Pour etablir si le dosage a l’iodate et celui a 1’hypobromite pre- 
sentent des ecarts ou non, j’ai fait plusieurs essais de la fa?on 
suivante: La solution de sel hydrazinique etait additionnee d’un exces 
d’agent oxydant alcalin, puis, apres un repos de 10 minutes en vase 
•clos, d’un exces d’iodure de potassium. L’iode mis en liberte etait 
dos6 au thiosulfate. Les ch iff res obtenus figurent dans le tableau VI. 


Tableau VI. 

Oxydation de I’hydrazine par une solution alcaline d’hypobromite. 
f Na 2 S 2 0 3 Nj 10 environ = 0*9663. 


No 

Mis en oeuvre 
(je de .V 2 H,. jE,S0 4 

a 

b 

c 

Trouve 

grdeFJI ( 

Hydrazine 
trouv£e en % 

1 

0*0772 

42*42 

18*60 

23*82 

0*01844 

97*00 

2 

0*0496 

42*42 

27*23 

15*19 

0*01176 

96*28 

3 

0*0754 

42*42 

19*03 

23*39 

0*01811 

97*52 

4 

0-0920 

42*42 

13*80 

28*62 

0*02216 

97*82 

5 

0*0911 

42*42 

14*43 

27*99 

0*02167 96*59 

Moyenne: 97*04% 
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Oxydation de Phydrazlne par I’iodate en liqueur alcaline. 
f Na. 2 S 2 0 3 Nf 10 environ = 1-0281. 

La methode de Rimini a revele dans 25 cc. 0-02452de A r 2 H 4 = 100° 0 


No 

cc. de solution 
de y jB,. mso, 

a 

h 

C 

Trouve 
jf/-de X 2 E 

Trouve 

1 

25 

47-68 

19-90 

27-78 

0-02288 

93-30% 

2 

' 25 

47-68 

19-36 

28-32 

0-02332 

'95-11% 

3 

25 

47-68 

19-65 

28-03 

0-02308 

94-14% 

4 

25 

47-68 

19-38 

28-30 

0-02331 

95-04% 


Moyenne : 94 - 39% 


Pour 1’un et l’autre agents oxydants les resultats obtenus etaient 
trop bas, ce qui prouve l’existence de reactions secondaires au cours 
de l’oxydation. Les valeurs plus fortes lors de l’oxydation de 1’hy¬ 
drazine au moyen de l’hypobromite qu’au moyen de l’iodate temoi- 
gnent de la presence d’un produit oxydable par Phypobromite. Ce 
produit pourrait etre constitue par Pammoniaque qui apparait souvent 
comme produit de decomposition de l’hydrazine. Pour en demontrer 
la presence, j’ai concentre, apres acidulation prealable, les melanges 
reactionnels provenant d’une douzaine d’essais, et j’ai pu en effet, 
apres alcalinisation, y prouver Pammoniaque a l’aide du reactif Nessler. 

Vu que dans les essais mentionnes jusqu’ici la decomposition de 
Phydrazine par l’oxygene de Pair n’etait pas exclue, j’ai effectue des 
essais ulterieurs qualitatifs dans un courant d’hydrogene pur (lave 
successivement par une solution de sulfate de cuivre, une solution 
alcaline de pyrogallol, et par Pacide sulfurique concentre). J’ai op6re. 
ici avec du sulfate d’hydrazine pulverise (dans lequel j’ai d’abord de¬ 
termine le peu d’ammoniaque qui y reste malgre plusieurs recristal- 
lisations). 3 gr environ de ce sel ont ete oxydes, par portions, en solu¬ 
tion acidulee, d’apres le procede Rimini, les liqueurs reunies ont ete 
concentrees, puis alcalinisees. Le reactif Nessler y a revile une faible 
quantity d’ammoniaque. 

Lors de Poxydation de Phydrazine par une solution alcaline d’iodate 
dans un courant d’hydrogene, j’ai opere sur 3 gr environ de sel pulve¬ 
rise et des solutions alcalines renfermant respectivement 5, 10, 15 gr 
de KOE ou de NaOH dans 250—400 cc. La solution de 1’agent oxy- 
dant a d’abord ete debarrassee de son air (eventuellement encore de 
son ammoniaque) par une ebullition prolongee et un courant d’hydro¬ 
gene que l’on continuait jusqu’a complet refroidissement du liquide. 
La solution alcaline d’iodate etait refoul^e dans un ballon (de 1000 cc. 
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de capacite), dans lequel se trouvait le sulfate d’hydrazine partiellement 
dissous dans 50—90 cc. d’eau bouillie saturee d’hydrogene. Le melange 
reactionnel etait traverse par un courant continuel d’hydrogene qui 
passait d’ici dans de l’acide sulfurique ou chlorhydrique etendus. Au 
bout de s / 4 d’heure ou d’une heure, on a pu, a l’aide du reactif 
Nessler, constater de l’ammoniaque dans I’acide absorbeur. Toutefois, 
sa proportion etait si faible qu’elle ne saurait entrer en ligne de 
compte dans le dosage de l’hydrazine par une solution alcaline d’iodate 
dans l’atmosphere d’hydrogene ou plus g^neralement a 1’abri de l’air 
(car on opere habituellement sur 0-1 a 0*15 gr de sulfate). 11 n’en 
reste pas moms vrai que la quantite d’ammoniaque ainsi constatee 
etait superieure a celle trouvee dans l’essai a blanc. 

Lorsqu’on operait avec une dose plus forte de soude caustique 
et une dose moindre d’iodate de potassium, le rendement en ammonia- 
que a augmente. Cela met en evidence que Palcalinite du milieu influe 
elle aussi sur la formation d’ammoniaque. De nouveaux essais seront 
necessaires pour en expliquer la cause. 

Avant de terminer, je tiens a adresser a M. le professeur J. H an u s 
mes meilleurs remercfments des precieux conseils dont il a bien voulu 
m’aider pendant mon travail. 

Institut de Chitnie analytique 
a VEcole Polytechnique tcheque 
de Prague (Tchecoslovaquie). 

Resume. 

L’auteur donne une nouvelle methode de dosage del'hydrazine (dans 
ses sels et dans la semicarbazide) par oxydation au moyen de Piodate 
de potassium en milieu acide. Dans les methodes & Piodate des 
auteurs anterieurs Piode mis en liberte par la reaction 

1 5 2V 2 fl4. H 2 S0i + 12 KIO s = 

= 15 iV 2 + 36 H,0 '+ 6 K.SO, -f 9 H 2 S0 4 + 12 I 

est soit expulse par ebullition (Rimini), soit d6termin6 simultane- 
ment avec l’exces d’agent oxydant (Kurtenacker et Kubina, 
Bray et Cuy). Pour eviter l’ebullition des melanges et les pertes 
d iode, 1 auteur ajoute du perchlorate mercurique aux melanges re¬ 
action nels. Suivant les conditions de Pexp£rience, les sels mercuri- 
ques (perchlorate, sulfate ou encore sulfate et phosphate basiques) 
ont pour effet soit d’empecher entierement la mise en liberte d’iode 
(c est-a-dire la reaction entre HIO s et HI), soit de reagir avec la faible 
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quantite d’iode eventuellement liberee en le faisant passer a i’etat de 
Hgl 2 et en une quantite d’iodate mercurique equivalente a l’iode 
entre en reaction. 

L’oxydation de 1’hydrazine dans les melanges reactionnels acidulfe 
par H^SOt et renfermant du sulfate d’hydrazine est lente, parce que 
l’iodate et le sulfate d’hydrazine passent Fun et l’autre dans le pre- 
cipite. Si toutefois le melange contient de 1’acide chlorhydrique, 
I’oxydation de l’hydrazine devient plus rapide, parce que cet acide 
dissout les precipit£s. [.’addition d 'HOI ne doit toutefois pas transformer 
la totalite du mercure en HgCL , car ce sel ne saurait empecher la re¬ 
action entre HI0 S et l’iode, et fixe mal l’iode. Apres 30—35 minutes, 
le melange est addition ne d’un exces d ’IK, et Fiode libere de Piodate 
est determine au thiosulfate. La consommation d’iodate pour Foxy- 
dation de l’hydrazine d£coule de 1’equation 

3 N. 2 Hi . HzSOi + 2 HIOs = 3 N. 2 + 2 HI + 6 H 2 0 -f 3 if 2 S0 4 . 

Dans le dosage de la semicarbazide il s’agit de determiner l’hy- 
drazine qui s’en detache sous Faction des acides. Quant a la technique 
de ce dosage, elle est la meme que dans le dosage de 1’hydrazine 
dans ses sels. 

L’auteur se propose d’etudier si l’oxydation par l’iodate en milieu 
acide et en presence de perchlorate mercurique se laissera appliquer 
au dosage d’autres derives hydraziniques. 
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ELECTROCHEMICAL AND SPECTRAL INVESTIGATIONS 
OF NICKEL CHLORIDE SOLUTIONS — PART II 

by M. PAVLIK. 

In part I of these investigations x ) a polarographic study of current- 
voltage curves due to electrodeposition of nickel from various solu¬ 
tions of chlorides at the dropping mercury kathode revealed, that 
nickel ions are hydrated even in the inner sphere of coordination 
except in very concentrated solutions, where dehydrated complexes 
[NiGl I l (n ~- y appear to be formed. Absorption spectra of these solu¬ 
tions were simultaneously studied in order to find optical indications 
of the changes which nickel ions undergo in the presence of a great 
concentration of chlorides, both at ordinary and elevated temperatures. 
A description and discussion of the optical investigations is given 
in this part II. 


A study of the absorption spectra. 

Experimental arrangement. The absorption spectra were photo¬ 
graphed by means of an A. Hilger “constant deviation type” spectro¬ 
meter for visible light between 7000—4000 A. As the light source served 
a 500 watt projection-incandescent lamp giving a continuous spectrum. 

The photographic plates were “Gevaert, supersensima, antihalo”; 
they were sensitized for the red light with pinacyanol, which has 
been found here most suitable. It decreased slightly the sensitivity 
to green, increased however considerable the sensitivity in the red 
portion of the spectrum, whilst the violet remained unaffected. 

The plates were developed in a freshly prepared glycin developer 
always under identical conditions; also the time of fixating was kept 
constant. 

First the Hartley-Baly method was used by arranging a set 
of absorption spectrograms corresponding to a thickness of 1 cm of 
the solution in a cuvette. Later on continuous photographing of the 
absorption was introduced, 2 ) in which the thickness of the solution 
was automatically and continuously decreased from 100 to 2 mms 
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whilst the plate was simultaneously moved. The thickness of the solu¬ 
tion changed exponentially with time, whilst the dark slide moved 
regularly; the resulting isodiaphane of the negative represents the 
“log i-curve” (extinction curve). 

The same solutions were thus examined as prepared for the electro¬ 
chemical investigations described in Part I. The method of procedure 
was that described more fully in R. Brdicka’s 3 ) communication, 
who investigated in a similar manner solutions of cobaltous chloride. 

To each spectrogram a reference line spectrum was photographed, 
consisting of the chief neon and mercury lines. A calibration curve 
has been constructed in which the distances of the lines have been 
plotted against the corresponding wave-lenght; any position on the 
plate could thus be defined by interpolation. 

Experimental results. 

First simple absorption spectra were obtained with solutions of 
n. NiCl ,, the thickness of the layer being 1 cm. These solutions con¬ 
tained, besides nickel chloride, other chlorides or organic substances, 
to show how the presence of these additions influences the absorption 
in red and blue. 

The absorption spectrum of nickel chloride at the concentration 
c — 1 n. and thickness of layer d—\ cm is comparatively simple, 
showing one band in red and one in blue. The change of the po¬ 
sition of extinction has been denoted by AX, i. e. the shift of the 
absorption edge expressed in fi/i to longer wave-lengths. Thus + AX 
means in red a decrease of absorption, whereas in violet it means 
increase of the absorption band. 

The transparent part extended in the spectrum due to n. MCl 2 
from X — 682 /ip to X — 434 /i «, in pure water from 700 to 412 fi/i. 
The position of the edges has been determined as a mean from 20 
spectrograms; they cannot be measured with great exactness owing 
to the gradual extinction, especially in the blue. 

Some examples of these determinations are given in the following 
figures: 


mci, s, 

Al 


of CaCl., 

in red 

in blue 

1'6 m. 

— 3 ti ll 

+ 1 ,«/- 

3-2 

— 4' ' 

+ 3 

4-8 

— 8 

+ 8 

6-4 

— 10 

+ 15 

77 

— 9 

+ 22 


2 * 
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The spectrogram Fig. 1. shows the changes here denoted. 


n. NiCL 


. of LiCl 

in red 

in blue 

1*6 m. 

- 1 M/t 

+ 1 

3*2 

-2 

+ 2 

4-8 

-3 

4- 6 

6'4 

— 4 

+ 12 

7*7 

— 5 

+ 19 


H,0 

pure 15 n. Ca(Jl 2 
n. NiCl 2 
n. Ni C? 2J 1*6 m. CaCl 2 
n. Ni CI 2) 3*2 m. Gad, 
ii. NiCl 2) 4*8 ra. CaCl. z 
n. NiCl 2i 6*4 m. CaCl 2 


■:;+ir++ v ■ ■ m ■ mmm i: . 

I i 

I ] ■ :j| 

I 1 



blue 

Fig. 1. 


n. A T i67 a , 

,U 


cone, of MCI 

in red 

in blue 

1*6 in. 

— 1 mx 

+ 2 u/j, 

3*2 

• — 5 

+ 5 

4*8 

— 7 

+ 10 

6*4 

— 7 

+ 24 

n. -ViX'4, 

J/L 


cone, of glycerin 

in red 

in blue 

3*2 m. 

— 6 

+ 1 nn 

4*8 

— 12 

+ 3 

6*4 

— 18 

+ 4 
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n. KiCk i !'• 

cone, o! ethylalcohol in red in blue 

3'2 m, — 3 uu — 2 mu 

4-8 — 4' ' +3 

6-4 - 6 -7 


Additions of methylalcohol produce a still smaller effect. 

We observe that chlorides affect much more the extinction in 
blue than in red (Fig. 1) whilst with glycerin the reverse is the case. 

5 n. MCI, 

2*5 n. NiCl-z 
n. ma t 
n/2 MCl 2 
nf 4 NiCk 
0*1 n. NiCk 
ff 2 0 


blue red 

Fig. 2. 

Spectrograms of pure solutions of nickel chloride (1 cm layer) 
show from concentration 1 n. to 4 n. NiCh considerable shifts of 
the extinction in red, but small differences in blue. In concentrations 
above 4n. NiCl 2 the shifts in blue increase similarly as in the pre¬ 
sence of great concentrations of chlorides. When diluting the n. 
NiC1 2 solution, the absorption first decreases practically equally in 
red as in blue; in solutions less concentrated than 0'1 n. the absorp¬ 
tion in red is much smaller. (See Fig. 2.) 

Influence of temperature on the absorption was again first studied 
in a layer 1 cm thick. 
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Pure solutions of nickel chloride showed the following transpa¬ 
rency : 5 n. NiCl 2 at 24° C 590—467 /*/*, at 68° C 590 — 480///*, 2 - 5 n. 
mck at 609-467/*/*, at 68 9 C 612—462 /*/*; n. NiCk at 24° C 

663— 440 /*/*, at 68° C 663—446 /*/*; 04 n. NiUl, practically unchan¬ 
ged. The increase of absorption occurs thus prevailingly in blue. 
Mixtures of nickel chloride with other chlorides and organic sub¬ 
stances gave the following results: n. NiCl 2 , 6‘6 m. CaCl 2 at 25° C 
668—456/*/*, at 70° C 668-468/*/*; n. NiCL, &4n. LiCl at 25° C 
668-454 /*/*, 70° C 668—465 /*/*; n. NiCl,, 6‘4 n. HCl at 25° C 
667—460/*/*, 74° C 664 —472/*/*; n. NiCl 2 , 6‘4 m. glycerin at 24° C 

664— 448 /*/*, at 70 C° 664—456 /*/*; n. NiCl. 2 , 6'4 m. ethylalcohol 
at 24° C 674—447 /*/*, at 65° C 668—455 /*/*; n. NiCk, 6-4 m. methyl- 
alcohol at 24° C 675-442 /*/*, at 68° C 666—447 /*/*. 

Thus the elevation of temperature affects the absorption mostly 
in blue. 

The study of continuous absorption spectra: 

Many more spectrograms were obtained with the automatic ab- 
sorptiometer, by means of which continuous extinction curves were 
recorded photographically due to layers 100—2 mms in thickness. 
The constant intensity of illumination used allowed to follow on 
the spectrogram three distinct transparent parts. In red there appears 
a transparent band which is separated by a narrow absorption band 
from the green transparent band, which will be denoted as the 
“middle transparent band"; next to this middle part a transparent 
band in blue is adjoined. Since we measure the width of these 
bands within the limits of their extinction, we shall use the denomi¬ 
nation “transparent bands'*. (E. g. Fig. 5.) 

The following results have been obtained in each case as a mean 
frpm at least two plates: 

1. n. NiCl s : total spectrum due to \00mms of thickness 600—488 /*/*, 
2 mms thickness 698—444 /*/*. 

The “red transparent band” at 650/*/*, its extinction appearing 
at d —20 mms of thickness, thus A — c.d = 20. It will be shown 
later on that this transparency depends much on the concentration 
of nickel chloride, but the wave-length of the head of this band 
remains constant. 

This transparent portion is separated from the “middle transparent 
band” by a thin absorption band at 630 /*/*, which seems to be due 
to small sensitivity of the plate in this part The “middle transparent 
band” is placed at 600 /*/*. This is separated from the “blue transparent 
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blue 


Fig. 4 

n. Ni(\ in E,0 at 85 1 C 


red 
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band” again by a thin absorption band in green at 564—535 u,u, 
which also is due to insensitivity of the plate, since its width does 
not change with concentration. (E. g. Fig. 4.) 

Elevation of temperature (to 70—80° C) produces in this absorption 
spectrum of n. NiC! 2 the following changes: the extinction at 600 
I— 100, remains practically constant, whilst in blue the absorption 
extends from 488 to 505 ,u/x (in hot). The “red transparent band” 
at 650 ufi, the extinction of which at /.• = 20 in cold is widened to 
l — 25 in hot. 



blue red 

Fig. 5. 

n. NiCl-i, 15 n. CaCl it at 23° C 


2. Mixture n. NiC%, CaCl 2 : The solution n. mOl 2 , 15 n. Ca(Jl 2 
shows beginning transparency at l — 605 ftp and l = 100; the “red 
transparent band” lies, like in water, at X — 650 fx/x, its extinction 
occurs, however, already at i = 25, which shows a similar diminution 
of absorption to that effected by elevation of temperature. The “middle 
transparent band” remains unchanged as in the pure n. NiCl 2 solution. 

Much changed by the presence of calcium chloride is the “trans- 
parent band in blue”. Its position is practically unchanged, but the 
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extinction appears at the smaller values of £ the greater the concen¬ 
tration of' calcium chloride. Thus the addition of this chloride in¬ 
creases the absorption in blue. 

Similarly prepared absorption spectrograms of solutions of n. NiCI* 
with 6'4 m. and T5 m. CaCl 2 shows following differences: (the bands 
appear sharper in presence of the more concentrated chloride, which 
is also effected by elevation of temperature). 

Extinction, at £ = 100, Q‘4 m. CaCl 2 , 2 = 535 uu 

» £ = 100, 7-5 m. GaClo , l = 553 uu 

» £ = 100, (80° C) 6'4 m. CaCl ,, l = 570 uu. 

The extinction of the head of “blue transparent band" appears 

in the presence of 6 - 4 m. CaCl 2 at £ = 51, with 7'5 m. <7«C7 3 at £ =- 27, 
with 6'4m. CaCl 2 at 80° C when £ = 21. 

3. mixtures of n. 2\ TiCl 2 and lithium chloride show similar but 
smaller absorptions than in the presence of calcium chloride. 

The extinction of the “red transparent band“ occurs at k = 20, 
that of the “blue transparent band“ at l = 57, the absorption in the 
blue part again increases with increasing concentration of the chloride 
and with rise of temperature. The absorption in red, on the other 
hand, decreases with increasing concentration or temperature. 

4. mixtures of n. NiCh and hydrochloric acid show the same 
changes in absorption as observed in the presence of calcium or 
lithium chlorides. The absorption in blue increases with increasing 
concentration and temperature whilst that in red decreases. 

5. mixtures of n. NiCl % and 6‘4 m. glycerin. The spectrum extends, 
at £ = 100, from 594 to 501 /uix; there is, thus, a somewhat enlarged 
absorption in red. At £ = 50 the extinction due to the glycerin 
solution appears, compared with those of the above given chlorides, 
at: 1 = 603 fip. (with glycerin), 620 [a/a. (6'4 n. LiC«), 625 uy. (6'4n. 
CaCI 2 ). 

The blue transparent band reaches to 501there is thus a 
smaller absorption in blue than in the previous cases, the difference 
in wave-length being 34 /u/u. against the corresponding solutions of 
calcium chloride and 18 ^u.u against those of lithium. The absorption 
in blue diminishes rapidly from k = 50 downwards. 

The elevation of temperature increases, as in the previous solu¬ 
tions, the absorption in blue and decreases the absorption in red, 
i. e. shifts the transparent band to longer wave-lengths. 

6. mixtures of n. MCI 2 and 6*4 m. ethyl and methyl alcohol give 
absorptions similar to that of nickel chloride in water. The transpa- 
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rency in red, however, proceeds more rapidly with decreasing l\ 
The bands become sharper at elevated temperatures; the absorption 
in blue changes here but little. (See Fig. 6.) 



n. NWk, 6-4 m. CE 3 OB, at 23” C 


7. Nickel chloride of various concentrations in water. 

Diminution of concentration of nickel chloride in water causes a 
decrease of the absorption in red. When the concentration, c — 05 n. 
the spectrum extends at Jc — 50 (i. e.d = 100 mms) from 625 to 480 pp. 
At the same thickness of layer (d = 100) in n. NiCh z the width is 
602—484 pp, At the same £ in n. NiCl z (i. e. d — 50) the width is 
610—470 pp. 

On the whole the absorption changes more in red than in blue 
when the layer, df, is diminished. 

Temperature produces a smaller effect than in n. NiCl 2 ; the 
absorption in red is almost unchanged, in blue increases by 6 pp, 
at £ = 50. 

In the absorption spectrum of 0'1 n. NiCl 2 no marked changes 
take place; at £=10 (d = 100) the width is 700—455Tempera¬ 
ture has no marked influence. 
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In 2 5 n. NiCl 2 the spectrum extends at £ = 250 (d — 100) bet¬ 
ween 545 and 513 ,mm. At this concentration total extinction in red 
occurs, only in blue there is the “transparent band" 32 uu wide. 
The “red transparent band“ becomes visible at £=15 (d = 6 mms), 
at the same place as in other solutions, viz. 650 //,«. The “middle 
transparent band“ appears when £ = 160 at 590 iiu. With increasing 
temperature the absorption in red somewhat ceases whilst that in 
blue distinctly increases. 

In a 5 n. MCh solution there is at d — 100 (£ = 500) entire ex¬ 
tinction of the whole spectrum excepting a small transparent band 
at 524 At £ = 250 this bands extends from 545 to 513 ,m,«. This 
is identical with the band in 2'5 n. MCl 2 in which at £ = 250 its 
width is 545—514 hju. When £ = 225 (d 45 mms) the “middle trans¬ 
parent band" appears at 590 pp. The “red transparent band" becomes 
apparent when £ = 15, at 650 pp, again under identical conditions 
as in 2'5 n. NiCh . In red the absorption is strictly proportional to 
the concentration of nickel chloride; in blue the absorption is greater 
than would correspond to the same value of £ in n. NiCl^. 

Theoretical discussion. 

The whole experience from this study of absorption spectra may 
be summarized as follows: 

The chief changes due to addition of chlorides, organic substances 
or rise in temperature occur in the blue part of the spectrum, where 
these agents increase absorption; on the other hand at the same 
time a (small) decrease of absorption is observable in the red part. 
Thus the whole absorption spectrum seems to be shifted to longer 
wave-lengths as the result of large additions of chlorides or dehy¬ 
drating organic agents, besides rise in temperature. This suggests 
that the particles which absorb light become, by the action of the 
above named agents, less firmly bound, i. e. that their electrons be¬ 
come more free and more easily removable from their normal posi¬ 
tions. Most marked effect in this respect produce chloride ions in 
concentrations above 4 n. especially in the presence of dehydrating 
ions, like Ca", Li, E\ The mass action effect must result in a substi¬ 
tution of water molecules in the coordination spheres round nickel 
ions by chloride ions, i. e. in the formation of complexes [NiCl „] (n ~ 2y . 
In such complexes indeed the electrically little deformable water 
molecules are substituted by the considerably more deformable chlo¬ 
ride ions, which consequently are capable of being more easily dis- 
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turbed, and therefore of absorbing light of longer wave-lengths 
than the less deformable electronic structure of water. 4 ) 

The same conclusion has been arrived at in the first part of these 
investigations, where reversible deposition of nickel ions has been 
found to take place just from the same solutions which exhibit the 
abnormally large absorption in blue. 

The action of organic dehydrating agents is less pronounced as 
far as changes in absorption spectra or deposition potentials are 
concerned: it might be understood by a loosening of water mole¬ 
cules coordinated to nickel ions in the outer sphere and a con¬ 
sequently somewhat longer wave-length absorption. 

The effect of mere rise in temperature is equally to loosen the 
structure of the outer sphere of coordination, to favour the formation 
of chloride complexes and thus to produce a slight shift towards 
longer wave-lengths. 

It is important to emphasize that the abnormal increase of ab¬ 
sorption in the blue part of the spectrum appears in the same 
solutions, in which the polarographic current-voltage curves show 
a reversible and easy electrodeposition at the dropping mercury 
kathode. Thus in these solutions the nickel ions appear considerably 
more unsaturated and active both from the electrochemical as 
from the optically electronic point of view. 

The author wishes to express his thanks to Professor J. Heyrovsk^, 
at whose suggestion he worked out the investigations described in 
this communication and in its first part. 

Received Nov. 22nd, 1930. The Physico-chemical Institute, 

Charles' University, Prague. 

Summary. 

Absorption spectra, both simple and continuous, with layer va¬ 
rying from 100 to 2 mms of nickel chloride solutions in water and 
'trfpfesence of calcium chloride, lithium chloride and hydrochloric 
acid, further glycerin and ethyl and methyl alcohol, were investigated. 
The temperature was varied from 23° to 80° C. 

It has been found that large additions of inorganic chlorides 
(above 4 n.) cause a considerable increase of absorption in the blue 
part of the spectrum and a small decrease in the red part, i. e. a shift 
of the “transparent band” towards longer wave-lengths. 
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Additions of the organic dehydrating agents or rise in temperature 
cause a small effect in the same sense. 

The abnormal increase of absorption in the blue part occurs in 
the same solutions in which polarographic current-voltage curves 
(see part I.) show a reversible electrodeposition at the dropping 
mercuiy kathode. 

An explanation is put forward that a formation of complexes 
[NiClJ ( - n ~ 2Y is responsible for both the optical and electrochemical 
phenomena. 
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POLAROGRAPHIC STUDIES WITH THE DROPPING MER¬ 
CURY KATHODE — PART XIX - THE EFFECT OF SOME 
ORGANIC DYES ON THE MAXIMA OF CURRENT DUE TO 
ELECTRO-REDUCTION OF OXYGEN 

by B. RAGMAN. 

Introduction. 

The current-voltage curves due to electro-reduction of oxygen at 
the dropping mercury kathode exhibit prominent maxima 1 ) in dilute 
solutions of electrolytes, which are not adsorptive, i. e. surface active. 
When traces of adsorbable matter are present 2 ) or when the con¬ 
centration of the inactive electrolyte is increased 3 ) (above decinormal) 
the maximum on the curve becomes considerably depressed and, finally, 
disappears entirely. The suppressive effect of various ions and molecules 
has been thoroughly studied, as far as inorganic compounds are 
concerned by E. Varasova 4 ) and in the case of fatty acids and 
their salts by J. Rasch 5 ). 

Other experience has equally shown that traces of adsorptive 
matter in solution greatly suppress maxima due to oxygen, notably 
soaps 0 ), crude petroleum oil and naphtha 7 ), and liquors of living 
matter. 8 ) 

In this work substances adsorptive “par excellence”, viz. organic 
dyes, were employed to suppress the maximum of current in order 
to investigate their adsorptive power. Before the description of expe¬ 
rimental details of this work the theory of maxima will be given as 
explained by adsorption. 

The theory of adsorption maxima: Most of the substances, dis¬ 
solved in the electrolyte solution, are adsorbed at electrode interfaces 
through the action of surface capillary forces. Thus oxygen molecules 
are imagined to accumulate round the freshly formed mercury surface 
of each drop at the kathode just as the drop is formed. If in electro¬ 
lysis with the dropping mercury kathode such a polarizing E. M. F. (E) 
is applied that the kathodic potential oversteps the reduction potential 
of oxygen, the oxygen molecules, adsorbed at the kathode interface, 
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are reduced and a current equivalent to this reduction passes through 
the solution. If the polarizing E. M. F. be increased, the current can 
increase as long as the rate of adsorption of oxygen molecules to 
the kathode interface is greater than the rate of their reduction. Under 
such conditions the kathode interface always contains a surplus of 
molecules adsorbed to its surface and the current can increase 

E 

according to Ohm’s law, / = —. As soon, however, as the polarizing 

E. M. F. is increased to such a value, that the rate of reduction of 
oxygen molecules is equal to the rate of their adsorption, no more 
excess molecules are accumulating at the surface and, consequently, 
no depolarizer is present there. At this instant the kathode is 
polarizable and its potential increases suddenly to more negative 
values; the current therefore falls, being at this stage given by 

i= — - — , where E is the applied E. M. F. and P the back E. M. F. 

of polarization. 

This happens when the number of oxygen molecules reduced 
per unit area in unit time just equals the number of oxygen 
molecules adsorbed to unit area per unit time i. e. when the current 
density equals the velocity of adsorption. The question still unsett¬ 
led is, what kind of polarization, P, keeps up the considerably ne¬ 
gative kathode potential, which produces the increased back E. M. F. 
after the maximum has fallen to the constant diffusion current. 

Polarization at this stage might be a sort of “concentration polari¬ 
zation”, since according to the above given explanation the kathode 
at the maximum of current is surrounded by adsorbed reducible mole¬ 
cules which, if the applied E. M. F. be further increased, are all re¬ 
duced as soon as they reach the kathode; at the diffusion current 
there are, thus, no oxygen molecules present in thermodynamic equi¬ 
librium with their product of electroreduction, which condition renders 
the kathode potential of the polarized electrode considerably negative. 
This kind of “concentration polarization” would, however, only ex¬ 
plain, why the current after maximum does not increase when the 
applied E. M. F. is further increased remaining constant as in the case 
of a diffusion or saturation current. We have now to account for 
the sudden fall of current at the maximum which appears in all dilute 
solutions of even the most simple inorganic electrolytes (see e. g. 
Fig. 1. curve 1). The part a of the current-voltage curve is described 
as being due to the reduction of oxygen molecules which are ad¬ 
sorbed at the kathode and is accordingly denoted as an “adsorption 



316 


current”; the part d of the curve is identical with the ordinary “satu¬ 
ration" or “diffusion current” (curve 2.) observed when some surface 
active matter is present in solution or a great amount of electrolyte. 
At the transition between the two kinds of current, the cause of 
adsorption, i. e. the interfacial adsorption potential, does not vanish, 
since numerous instances were obtained with 2, 3 or 4 maxima 8 ) 
on one current-voltage curve, showing that the removal of one 
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adsorption current does not remove other adsorption currents. It is, 
thus, natural to expect, that if one reducible substance ceases to 
adsorb at the interface because it is exhausted as soon as it arrives, 
another is there adsorbed instead. As soon as the new substance 
accumulates round the kathode, the reducible one has to diffuse 
through the adsorbed film and can, thus, accede with a much shower 
rate of diffusion against the great rate of adsorption. 

Thus in the portion a of the current-voltage curve the layer ad¬ 
sorbed at the interface consists of oxygen molecules, whilst in the 
portion d there are other nonreducible particles adsorbed, through 
which oxygen molecules must diffuse too in order to reach the surface 
of the kathode. Of what the new adsorbed film, which is formed 
at the maximum, consists must be left for future work to elucidate; 
here it will suffice to suppose that it consists of kations of the 
electrolyte. Naturally, if a nonreducible substance more adsorptive 
than oxygen is present in the electrolyzed solution, its molecules 
adsorb to the kathode interface pushing out oxygen molecules from 
the interfacial layer. The transition from the “adsorption” current to 
the “diffusion” one occurs then sooner and the maximum is suppressed 
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according to the rate with which the new adsorbable substance 
adsorbs to the interface. 

Thus from the degree of suppression of maximum the adsorbability 
of surface-active substances may be followed and characterized. In 
this respect a convenient method has been introduced 5 ) of adding 
successively small amounts of the adsorbable substance to a solution, 
in which a prominent maximum is shown, until the maximum is 
suppressed to one half of its original height. The dilution of the 
adsorbable substance, at which this half-suppression appears, is re¬ 
garded as a number characterizing quantitatively the adsorbability of 
the substance. 

Dilutions in which total suppression of maximum is reached have 
previously been suggested as characterizing 2 ) adsorbability; however, 
since it has been found that when additions increase in arithmetic 
proportion the height of maximum decreases in geometrical proportion 
(e. g. Fig. 7), the half-suppression constant seems more justified. 

Experimental. 

The apparature comprised the usual polarographic outfit with an 
electrically driven polarograph,*) type VI. 

The Hartmann-Braun moving-coil mirror galvanometer had 
the sensitivity 5.1G~~ 9 amp. per mm, half-period of swing 2 secs. 
Its critical damping was carefully established to make the swing 
aperiodic. 

The solutions under investigation were kept in small beakers 
open to the air. They contained millinormal or even more diluted 
solutions of potassium chloride, hydrochloric acid or potassium hydro¬ 
xide, to which solutions of dye-stuffs were added, prepared in the 
same electrolyte solution as used in the electrolyzing beaker. 

The organic dyes were either bought from Merck or Kahlbaum, 
or kindly lent by Dr. F. Balas from the Institute of organic chemistry 
Charles’ University, and by Dr. R. Lukes from the Institute of organic 
chemistry, Faculty of Chemico-fechnological Engineering. The following 
substances were examined: fuchsine basic and acid, phenol phthalein, 
methylene blue, alizarin red, methyl green, methyl orange, aurantia, 
pyronin, helianthin, tropaeolin, orange II, erythrosin, “biebrich scarlet”. 

Since only the size of the maximum had to be determined, the 
curve was interrupted as soon as the diffusion current was reached 

*) Constructed by Dr. V. J. Nejedly, Prague- Vokovice Husova tr. 76- 
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and several curves were placed on the same polarogram. Of these 
in this research 220 were obtained with some 2.150 curves. 

Basic fuchsine: EO — C~-C 6 H a . NH S [4]. CH B [3] hydrochloride. 

'CeHf-NHz 14] 

This dye was typical in its suppressive action on the maximum of 
oxygen, as a similar course of curves was obtained from the majority 
of dyes. Polarogram Fig. 2. shows one of the results obtained. Here 


to 50ccs O'OOIn. KCladded 10'rn.fuchsin base 



to 50 ccs of 10~ 3 n. KOI a IQ- 4 molar solution of fuchsine base, 
dissolved in 10~ 3 n. KCl, was added by ccs, until the maximum was 
suppressed more than to the half (the height being calculated from 
the diffusion current). It was soon observed that the amount of dye 
required for half suppression is dependent from the rate of dropping 
of mercury. The drop-time was, therefore, varied from 1 sec to 6 secs. 
A quickly dropping kathode is less sensitive to additions of adsorbable 
matter than a slowly dropping one. 4 ) E. g., according to the figure, 
when the drop-time of the kathode short-circuited with anode (i. e. 
zero applied voltage) was l 3 / a sec, ca. 5 ccs of the fuchsine solution 
sufficed for half suppression, whereas when the capillary dropped 
every 3 secs, the amount required to effect the same degree of sup¬ 
pression was between 3 and 4 ccs. The exact figures gave the results 
that with the drop-time l 2 / s sec the concentration of fuchsine depressing 
to half is 09 X 10~ 5 m., whilst with the drop-time 3 secs it is 
066 X 10~ 5 m. The latter drop-time has been regarded as most con¬ 
venient and has been applied in most cases to allow comparison 
under the same conditions. 
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Similar experiments were also made in the electrolyte concentration 
3 X 10 -3 n. KCl and 3 X 10~ 4 n. KCl. The amount necessary for 
a half suppression was the smaller the smaller was the concentration 
of the electrolyte. The standard condition for comparison was, however, 
selected lfr~ 3 n. KCl and 3 secs drop-time. 

to 50 ccs 0 001 n. KCl added 10 m.fucnsin 



Acidic fuchsine. By this substance (Saurefuchsin, Fuchsin S.) is not 
denoted the free sulphonicacid, but its sodiumsalt, C 20 H 11 N 3 {SO 2 . ONa ) 2 , 
which is considerably more soluble in water than fuchsine base. 
Polarogram Fig. 3. gives an example of the procedure of suppression 



in solutions in which both the added fuchsine and the electrolyte 
are millimolar. (Oxygen dissolved in dilute aqueous solutions under 
the normal pressure of air, at room temperature, is always millinormal, 
i. e. one liter contains 8 milligrams of oxygen.) The curves differ 
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from those obtained in the presence of basic fuchsine by exhibiting 
a discontinuity on the ascending part of the current-voltage curve, 
which becomes the more marked the more dye is added, or the 
slower is the dropping. The kathodic potential at which the _ new 
discontinuity occurs is about —0*35 v. from the potential of the normal 
calomel electrode. The second discontinuity, i. e. the sudden fall of 
maximum takes place at a potential ca. 0’4 to 0‘57 v. 

Each curve showing the first discontinuity is perfectly reproducible; 
the phenomenon appeared regularly, with any sample of acidic fuchsine 
used, it appears less distinctly in 3 X 10~ 3 n. KCl and almost dis¬ 
appears in 3 X 10 -4 n. KCl Polarogram Fig. 4. shows the entire 
suppression of the two discontinuities under usual conditions (drop¬ 
time 3 secs, 10- 3 n. KCl). It might be reminded here that current- 
voltage curves very similar to these have been obtained in dilute 
solutions of electrolytes containing instead of the dye mercuric cyanide 9 ) 
or some anions like J\ CN ri ) or those of soap-solutions. 6 ) 


to 50 CCS 10~n HOH added fa. fuchsia 



Still more prominent become the two discontinuities when acidic 
fuchsine is added to 10~ 3 n. KOH. (A considerable part of the hydro¬ 
xide is in the open beaker, of course, converted into carbonate; yet 
this seems not important, as the results remain well reproducible.) Curves 
in Fig. 5. show how peculiarly the adsorption current of oxygen 
varies with the applied voltage and how the drop-time influences 
this phenomenon. 

A series of measurements was also made using dilute solutions 
of hydrochloric acid, yet no discontinuity except that due to the fall 
of current at the maximum has been observed. When acidifying the 
alkaline solution, in which the first discontinuity occurs, the disconti¬ 
nuity gradually disappears and is entirely removed in acidic medium. 
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The theoretical significance of this new discontinuity will be 
discussed below. 

[U 

Phenol phthalein: C 6 £T 4 .6'<C^ 6 g 4 ‘ 

C0—0 pf 

was dissolved in water and its saturated solution added to solutions 
of dilute electrolytes. Here again in neutral and alkaline solutions 
(10— 3 n. KCl, 10- 3 n. KOE) the new discontinuity appeared under 
similar conditions as that of the acidic fuchsin. 

Alizarin red : C 6 ff 4 <S>C 6 ff 2 (0 2 5're). M PI 
CU [ 6 ] 

Current-voltage curves obtained with the addition of this dye showed 
a bend near the maximum, which occurred also on curves obtained 
in solutions with helianthin added to 10 -3 n. NaOH (comp. Fig. 6). 
The position of this bend is characteristic, as it occurs very close 
to the kathodic potential of — 0 - 56 v. This kathodic potential is calcul¬ 
ated in the following way: The bend is placed at the voltage 0 800 v. 
in 10~ 3 n. KCl; in this solution the anode potential equals to that 
of a calomel electrode filled with 10~ 3 n. KCl, i. e. -)- 0‘180 v; the 
kathodic potential plus the drop of potential across the solution 
amount thus to — 0 - 620 v.; the drop of potential is i X r, where 
i — 0 - 4 X 10~ 6 X 7 and r — 16.000 ohm ; thus i.r — 0'048 v. and the 
kathodic potential is — 0*57 v. 


to 50ccs 7 0~ 3 n. ha 0M added helianthin 



When this kathodic potential is overstepped, the curve either 
turns up more steeply or suddenly falls to the diffusion current. 
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[13 [4] HI [4] ; 

Methyl orange: NaO — S0 2 — — N(CH 8 ) 2 
produces similar bends on curves due to alizarin red or helianthin, around 
the kathodic potential of — 0 56 v. Here again a marked instability 
is observable, inasmuch some curves bend at this point upwards, 
whereas after repetition sometimes a fall of current is observed instead 
of the increase. 

Ill [43 HI [41 

Helianthin: H0~80 z -G (i H i —N=N—G 6 H i -~N{Ca z y z 

The labile point at — 0‘56 v. of kathodic potential is well shown on 
curves obtained from 10~ 3 n. NaOH (see Fig. 6). 

rY^-'O 

Methylene blue: Cl{CH 8 ). 2 N^\S^^N{CH s ). 2 

causes a regular simple depression of the oxygen maximum, without 
the first discontinuity or the unstable point. It behaves very similarly 
to basic fuchsine. 

Of other dyes were tried: 

HI [41 

Methyl green: Gl{GH. z ) z N \ rn 

HI [41 

amantia , ammonium salt of C 6 H 2 (N0 2 ) s —NH—C 6 H 2 {N0 2 ) s [21 [4] [61, 
[11 [41 mrJ41 [1] 

pyronm: [(Ci4) 2 ^-(7 6 iF 8 <° r f>C7 6 if 3 -2V'((7i4) 2 ]CT, 

[31 u [3] 

, [11 [41 [1] 

tropaeohn: HSO s —C 6 H i -N=N- C 6 H 8 -{0H) 2 [2114], 

[11 [4] [l] [2] 

orange If.: NaO.S0 2 ~C 6 H i —N~N— C w H & —0H, 


erythrosin: 


CO - 0 


C^HLONa 

>0 

C Q HhONa 


, . , , HI HI [1] [4] [1] [2] 

Biebrich scarlet: NaO.SOi-C^Hf-N^N-C^-N^N-C^-OH 

S0 2 . ON a [3] 

All these were investigated in the same manner as the first men¬ 
tioned dyes, yet did not show any marked changes of curves and de- 
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pressed the maximum regularly. A slight suppression on tire ascending 
branch of the curves has been observed with erythrosin (see Fig. 7) 
and “Biebrich scarlet”. 


to 50 ccs 10~ 3 n. tia OH added JO'% erythrosin 



Some results of these investigations are computed in the Table, 
where only those figures are given, which were obtained with a drop¬ 
time 3 sec. of the mercury kathode and with 10~ 3 n. KOI. The ihird 
column gives the reciprocal of concentration, i. e. dilution of the dye, 
at which it suppresses the maximum to one half. This number is 
believed to characterize the adsorbability of the dye at the interface 
mercury-solution. 

In the work of J. Rasch 5 ) adsorbabilities of organic acids were 
derived under similar conditions. From his table some results are 
added for comparison. Soaps have an effect of the same order as 
more suppressing dyes. (Table p. 324.) 

Theoretical discussion. 

The Table of results shows that organic dyes possess a power 
of depressing the maximal current about thousand times as large as 
lower members of fatty acids. This happens, according to the theory 
given above, because they are strongly adsorbed at the electrode 
interface, where they push out oxygen from the interfacial layer. 

Some dyes, like fuchsine acid salt and phenol-phthalein, cause on 
the ascending branch of the current-voltage curve a suppression of 
the current, which develops to a marked discontinuity in the case 
of fuchsine salt; other dyes, like alizarin red, methyl orange and 
helianthin, cause a certain instability in the course of the curve around 
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Table: 

Suppressive activities of dyes on the maximum of current due to electro- 

reduction of oxygen. 

Drop-time 3 sec; electrolyte 10~ 3 n. KCl. 


Substance 

concentration 
at which maximum is 

dilution 

half suppressed 

“orange II.” 


in micromoles 
(10-6 molar). 

... 3 

33 X 10 4 

tropaeolin . 


... 3-8 

26 

methyl green ....... 

... 4 

25 

methylene blue . 

. . 5 

20 

methyl orange . 

... 5 

20 

“Biebrich scarlet”. 

... 6 

17 

fuchsine base. 

... 6-6 

15 

alizarin red 

, 

... 7 

14 

pyronin . . 


... 25 

4 

phenol phthalein ...... 

... 60 

1-7 

fuchsine acid ....... 

... 220 

0-4 


n. valeric acid 

... 16 X 1Q+ 3 

0-0062 X10 4 

J. Rasch 

n. butyric acid 

. . . 60 > 

0-0017 

figures 

| propionic acid 

. . . 240 » 

00004 


[ formic acid . 

. . . 500 » 

0-0002 


the kathodic potential of —0"56 v. from the calomel zero. Finally, the 
rest of substances here investigated suppress ‘the curves in a regular 
manner, like an excess of inorganic electrolytes or lower fatty acids, 
yet in a much greater degree. 

Let us consider the first discontinuity, which according to Fig. 5, 
is as marked as the discontinuity observed by E. Varasova in 
dilute solutions of potassium chloride containing anions I' or ON' or 
soap (comp. Collection 2, 8 (1930) Fig. 8. and ibid. 3, 216 (1931) 
Fig. 6) and by W. Kemula in 0'01 n. H{j(CN\, 01 n. KCl Col¬ 
lection 2, 502 (1930) Figs. 5., 6. and 7). The explanation given here 
conforms with those suggested by the above named authors: The 
highly adsorptive anions of the divalent sulphonic acid adsorb firmly 
to the positively charged interface, i. e. at kathodic potentials more 
positive than that of the “absolute” or, rather, “electrocapillary” zero 
of potential, which occurs at — 0-56 v. from the normal calomel zero, 8 ) 
The access of oxygen molecules to the electrode is now hindered 
by the adsorbed layer of dye-anions, through which oxygen can 
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only diffuse. Under these conditions the reduction current will thus 
be only that of diffusion. However, at more negative kathodic po¬ 
tentials the adsorption of negative particles (dye-anions) is weakened, 
their rate of adsorption is slackened, so that — at a certain potential — 
the oxygen molecules will be no more pushed out of the interfacial 
film, but adsorbed to it. If their rate of adsorption is greater than 
their rate of reduction as required by O h m ’ s law, they will accumulate 
in the interfacial layer, and the current will attain the value which is 
obtained in absence of adsorbable substances. 

This can happen in the neighbourhood of the “absolute zero” 
potential at potentials corresponding to the positive branch of the 
electrocapillary parabola. 10 ) Indeed, the kathodic potentials at which 
the discontinuity occurs are near — 04 v., the “absolute zero” being 
— 056 v. The substances which show this — a fuchsine acid and 
phenol phthalein — are indeed acid dyes, forming dye-anions; their 
adsorbability is, however, according to the Table relatively the least of 
all dyes, so that it is comprehensible that oxygen, if present in excess, 
may be preferentially adsorbed even at the positively charged interface. 

The peculiar instability of the current, which is shown in the 
presence of some dyes at the kathodic potential — 0*56 v., may be 
similarly explained. Dyes, causing this effect, are also capable of 
yielding anions, as they are acid salts (alizarin red, methyl orange). 
The Table shows that they are very adsorbable; thus they will be 
preferentially adsorbed at kathodic potentials corresponding to the 
positive branch of the electrocapillary parabola. Only at potentials 
more negative than — 0 56 v. may their desorption be expected. If 
this happens, the current will rise more steeply at kathodic poten¬ 
tials more negative than — 0*56 v., as has been here indeed observed. 
At this critical potential the interfacial tension of polarized mer¬ 
cury is maximal, hence the rate of mercury drops formed at this 
potential is the slowest and therefore the exhaustion of oxygen by 
electroreduction is most likely to occur. If this happens, the current 
falls from the maximum to the diffusion current. In such cases one 
of the two processes indeed occurs. 

An acidic salt is also tropaeolin, which — according to the expla¬ 
nation just, given — should show disturbances on the curves of the 
nature described above. However, from the Table we see that this 
substance is most adsorptive; then it not only will not be desorbed 
at the “positive” interface, but will cause the fall of maximum even 
before reaching the kathodic potential — 0*56 v. Polarograms show 
indeed that this is so: no maximum reaches the potential of — 0*56 v. 
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The “Biebrich scarlet” gives a slight depression on the ascending 
branch of the current; this is in accordance with the above expla¬ 
nation since we have to deal here with an acidic dye. The rest of 
dyes show regular suppression since they are basic. 

The adsorptive powers of the dyes as given in the Table, refer, 
of course, only to adsorbabilities at the mercury-solution interface. 
Yet — in the author’s opinion — they can be extended to charac¬ 
terize the technically important adsorbability of dye stuffs, since the 
chief factor in adsorption is the structure of the adsorbed substance, 
how far it is deformable in the interfacial electric field; this is also 
shown through our experiments. 

The author’s thanks are due to the Ministerstvo skolstvi a ndrodni 
osvety (Board of Education) for a grant and to Professor J. Heyrovsk^ 
for the suggestion of this research and his advice. 

Summary. 

The suppressive effect, which organic dyes exert on the current 
due to the electro-reduction of' atmospheric oxygen dissolved in 
aqueous solutions, has been investigated on current-voltage curves 
obtained polarographically with the dropping mercury kathode arran¬ 
gement. 

The effect has been explained as being due to preferential ad¬ 
sorption of the dye-stuff, which pushes oxygen out of the electrode 
interfacial layer. 

The molar dilution of the dye-stuff, in which the maximum of 
current, due to electro-reduction of oxygen in 10~ 3 n. KOI, is sup¬ 
pressed to its half, is regarded as characterizing the adsorbability of 
the dye. These numbers are (one mole per n. 1Q 4 litres): tropaeolin n — 26, 
methyl green 25, methylene blue 20, methyl orange 20, fuchsine 
base 15, alizarin red 14, pyronin 4, phenol phthalein 1*7, fuchsine 
acid salt 0*4; compared to this n. butyric acid is 00017 and pro¬ 
pionic 0 0004. 

The least adsorptive acid dyes suppress the current-voltage curve 
at kathodic potentials move positive than the “absolute zero” and 
cause a marked discontinuity there. This phenomenon is explained 
by adsorption of dye-anions to the positively charged kathodic inter¬ 
face and by overcoming of this adsorption with preferentially adsorbed 
oxygen molecules in the proximity of “absolute zero”. 

Received April 15th, 1931. Institute of Physical Chemistry, 

Charles’ University, Prague. 
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SUR LES ACIDES MONOSULFONIQUES 
DU 1-METHYL-NAPHTALENE 

par V. VESELV et F. STURSA. 

(Execute avec I’aide de la Masarykova Akademie Prace.) 

La sulfonation du 1-methylnaphialene a froid donne lieu surtout 
a la formation de I’acide 4-sulfonique (I). Cette reaction a ete etudiee 
par R. E. Steiger 1 ) et simultanement par K. Elbs et B. Christ. 2 ) 
Les auteurs s’accordent a observer qu’il se forme ici, k c6t£ de l’acide 
sulfone en 4, un autre isomere monosulfone, mais ils n’ont pas reussi 
a le separer a 1’etat pur. 

Ayant prepare une quantite considerable d’acide 1-methylnaphta- 
lene-4-sulfonique, qui nous a servi comme point de depart pour l’ob- 
tention de quelques nouveaux derives nitres, 8 ) le second sulfoderiv6 
isomerique nous est reste en proportion assez grande pour permettre 
une etude approfondie. C’est par cristallisation r£pet£e de ses sels 
potassiques que nous sommes parvenus a le debarrasser de son 
isomere et a le preparer k l’etat pur. Son groupe sulfo se trouve en 
position 5 (11), car, par fusion avec la potasse, on obtient le 1-methyl- 
5-naphtol (III) dont le derive benzoyle est identique au 1-methyl- 
5-benzoylhydroxy-naphtalene prepare a partir du l-methyl-5-amino- 
naphtalene (IV). 

Tandis que la sulfonation du 1-methylnaphtalene & froid ne fournit 
que les isomeres 4 et 5 (1 et II), done des d£riv6s sulfon£s en po¬ 
sition a, le groupe sulfo entre en position si 1’on opere k chaud. 
Ces r£sultats pr£sentent une parfaite analogic avec la sulfonation du 
naphtalene non m6thyI6. En effet, en faisant agir 1’acide sulfurique 
concents sur le l-m6thylnaphtalene, a 165—170°, Dziewodski et 
Waszkowski avaient obtenu deux isomeres monosulfones dont 
ils ont reussi a s€parer Facide 7-sulfonique (V). Sans connaitre le 
travail de ces auteurs, nous avons effectue la m£me reaction a 110—120°, 
e’est-a-dire a une temperature plus basse. Nous avons obtenu, nous 
aussi, deux isomeres monosulfones en position /?, parmi lesquels pr6- 
dominait Facide 3-suIfonique (VI). 
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Son sel sodique a fourni, par fusion avec la soude caustique, ie 
l-methyinaphtol-3. Celui-ci ne presentait pas de depression du point 
de fusion avec le 1-methylnaphtol prepare a partir du l-metbyi-3-nitro- 
naphtalene. 5 ) 

Quant a la position du groupe sulfo dans i’autre isomere, forme 
en proportion plus faible, nous n’avons pas reussi a la determiner. 



Partie exp£rimentale. 

Acide l-methylnaphtalene-5-sulfonique (II). 

Le 1-methylnaphtalene a ete sulfone d’apres Steiger, it froid, au 
moyen de la chlorhydrine sulfurique. Apres la separation du sel. 
potassique de l’acide 4-sulfonique, qui est peu soluble dans l’eau, 
les eaux-meres nous ont fourni le sel potassique de l’acide isomere. 
En soumettant ce dernier sel a une nouvelle cristallisation, nous avons 
rejete les cristaux deposes, et nous avons precipite, dans les eaux- 
meres, par addition d’un volume egal d’acide chlorhydrique concentre, 
les acides sulfoniques libres. En operant ainsi, la solution est en 
m£tne temps debarrassee des sels mineraux {K 2 SO it KOI) qui em- 
pechent le depot du sel potassique de 1’acide 5-sulfonique. 

Le melange des acides sulfones libres,. obtenu de cette maniere, 
est d’abord prive de HCl dans un dessiccateur a potasse caustique, 
puis desseche sur Zf 2 »S'0 4 et CaCl 2 . Pour le depouiller des dernieres 
traces de sels inorganiques, on le dissous dans I’alcool, on filtre la 
solution, et on dvapore le filtrat presque a siccite. Le residu est alors 
dissous dans l’eau et neutralise a chaud au moyen de BaOO s . Apres 
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filtration a chaud, on laisse le filtrat se refroidir jusqu’a 40°, et on 
essore le sel barytique de l’acide 4-sulfonique depose. Le residu qui 
se trouve dans les eaux-meres est transforme, au moyen de K 2 CO ; >, 
en sel potassique, le BaCO s precipite est separe par filtration et lave 
a l’eau chaude, le filtrat est reduit a un petit volume. II abandonne, 
apr£s refroidissement, le sel potassique de I’acide 5-sulfonique a 1’etat 
pur. L’aspect de ce sel, qui cristallise dans 1’eau, n’est point caracteristique. 

Dosage de soufre: 

Substance : 0*1393 gr, BaSO^ O' 1127 gr. 

C 11 Hr > 0 3 SK: Calcule S 12-69%. 

Trouve S 12*96%. 

Dosage de potassium: 

Substance: 0-501 Agr, K 2 S0 A Q-3310.gr. 

C n H a 0 s SK: Calcule K 15-00%. 

Trouve K 1479%. 

L’acide l-methylnaphtalene-5-sulfonique desseche a 100° fond 
a 115°. 11 se presente en lamelles irregulieres, incolores, brillantes. 

l-Methyl-naphtoI-5 (III). 

1 p. de sel potassique en poudre a et€ introduce, par petites 
portions, dans 5 p. de potasse fondue a 200°. Apres Faddition de la 
totalite du sel, la temperature est elevee k 260°, oil elle est maintenue 
pendant 10 minutes. La masse fondue est refroidie, dissoute dans 
i'eau, puis acidifide par 1’acide chlorhydrique. Le naphtol form6 est 
purifi£ par distillation k la vapeur d’eau. Cristallis6 dans la benzine 
de petrole (bouillant a 95°), avec decoloration & la carboraffine, ii se 
presente en aiguilles incolores, fondant a 97—98°. Le corps ne donne 
pas d’abaissement du point de fusion avec le l-methyl-naphtol-5 
prepare k partir du l-methyl-5-amino-naphtalene (IV). 

l-Methyl-5-benzoylhydroxy-naphtalene. 

Prepare k partir du naphtol precedent, II cristallise dans i’alcool 
en lamelles ailongees, aplaties, et fusibles ^ 77—78°. Melange au derive 
benzoyie du l-methyl-naphtol-5, provenant de la 1-methyl-naphtyl- 
amine-5, il fond a la meme temperature. 

l-Methylnaphtalene-5-sulf amide. 

Le sulfochlorure, prepare par faction de PCl 5 sur le sel potassique 
de l’acide 5-sulfonique, est liquide. Chauffe pendant une demi-heure 
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avec de Fammoniaque, il fournit la sulfamide. Cristallisee dans 3’alcooi, 
dans lequel elle se dissout avec facilite (dans 1’alcool etendu elle est 
moins soluble), cette amide est en lamelles incolores, fondant a 176—178°. 

Dosage d’azofe: 

Substance: 21-467 mgr, 1 V 1*22 cc. (24°, 726 mm). 

. ' C n H n 0 2 NS : Caicuie N 6-3%. 

Trouve B 6-3% ■ 

Sulfonation du l-methylnaphtalene a chaud. 

10 gr d’hydrocarbure et Tbgr de i7 3) S'0 4 concentre (d = 1‘84) sont 
chauffes, avec agitation, pendant 5—6 heures a 110—120°. Apres 
refroidissement, le melange est dissous dans Feau, la solution chaude 
est neutralist par BaC0 3 , et le sulfate de baryum depose est s6par£ 
par filtration a chaud. Le filtrat abandonne, apres refroidissement, le 
sel barytique que 1’on recristallise deux fois dans l’eau. La premiere 
fraction est transformee en sel sodique. Elle est redissoute dans l’eau 
et additionnee d’une solution de soude, jusqu’a neutralisation. Le 
BaCO s precipite est eloigne par essorage. Le filtrat, r6duit a un petit 
volume, abandonne le sel sodique. Rendement 5-5 gr. 

1-Methyl naphtalene-3-sulfochlorure. 

10 gr de sulfonate de potassium desseches et finement pulverises, 
et 9 gr de PCl 5 , sont tritures dans une capsule en porcelaine, puis 
chauffes dans un ballon au bain-marie pendant 3 heures. Le melange 
liquide est verse sur de la glace, le sulfochlorure sol id e est essore, 
desseche, et deux fois recristallise dans Fether. II fond a 124—125°. 
Le corps se laisse facilement purifier par cristaliisation dans Facetone, 
dans laquelle il est facilement soluble. 

Dosage de soufre: 

Substance: 0‘2041 gr, BaSO^ 0-2008 gr. 

C n H»0 2 SCh Calcule S 13*32%. 

Trouv6 S 13-51%. 

l-MethyI-naphiol-3 (VII). 

Le sulfochlorure est chauffe,' pendant 1 heure, sur une toile mefal- 
lique, avec de la lessive de soude. On obtient ainsi le sel sodique de 
l’acide sulfonique qui est chauffe, apres dessiccation et broyage, avec 
5 fois son poids de potasse d’abord a 260°, vers la fin a 280°. La 
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masse fondue est dissoute dans l’eau et acidifiee par HCl; le naphtol 
precipif^ est entraine par la vapeur d’eau. Le distillat laiteux abandonne 
le 1 -methyl-naphtol-3 en aiguilles incolores, fondant k 81—82°. Le 
corps est identique au methylnaphtol prepare a partir du 1-methyl- 
3-amino-naphtalene. 5 ) Nous avons obtenu la meme amine en chauffant 
notre naphtol avec de l’ammoniaque et du sulfite d’ammonium en 
autoclave a 240°, pendant 5—6 heures. 

l-M6thyl-benzoylhydroxy-naphta!ene. 

11 forme des aiguilles incolores, fusibles a 117 — 118°. 

t-Methylnaphtalene-sulfamide. 

En chauffant le sulfochlorure pendant une demi-heure avec de 
l’ammoniaque, on le transforme en la sulfamide correspondante qui, 
recristallisSe dans Palcool, forme des lamelles incolores, fusibles 
k 143-144°. 

• Dosage d’azote: 

Substance: 12-090 mgr, N 0-725 cc. (23°, 736 mm). 

C u H n O,NS: Calcule XT 6-3%. 

Trouve N 6-5%. 

Laboratoire de Chimie organique 
d EEcole Polytechnique tcheque de 
Brno (T,checoslo vaquie). 
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THE TOXICITY LIMIT OF OZONE 
by F. TOUL. 

The toxic properties of ozone are by no means so far invest¬ 
igated as its chemical behaviour, although both are of equally import¬ 
ant practical value. Thus we do not find described the limiting con¬ 
ditions of its poisonousness nor statements mentioned whether it 
might produce a beneficial effect on living organisms. To contribute 
in this respect to the study of the toxic nature of ozone was the 
aim of the present author. 

The above mentioned toxic properties might be conveniently 
studied on lower organisms, which in ozone atmosphere degenerate 
or perish. Preliminary experiments have shown that e. g. the single 
steps of evolution in various insects undergo equal toxic influence 
due to ozone. Therefore »flour grubs*, i. e. larvae of tenebrio molitor 
were used, which require but little care in keeping and are easily 
experimented on. These experiments were carried out in many series 
under as much as possible constant conditions of temperature, pres¬ 
sure and humidity, in which the effects of ozone in varying concentr¬ 
ations have been followed on the life of larvae. 

The preparation and analysis of ozone. First, when large 
concentrations of ozone were applied the gas was prepared 
directly from oxygen by silent discharge in a specially adapted elec¬ 
tric ozonizer. The space A (see Fig.) through which oxygen passed, 
was filled up with smooth glass beads, which increased the surface 
and lowered the velocity of the gas stream. Thus a regular flow of 
constant, high percentage ozone has been established. 

The mixture of oxygen and ozone passed through the apparature 
shown in the figure. This consisted of five glass vessels ( I—V ), 
connected between themselves and with the ozonizer by ground 
glass joints. In each vessel air-tightly fitted in glass beakers {a,b,c,d f e) 
with perforated bottom, in which the larvae with their food were 
placed. The gaseous mixture thus penetrated thoroughly the organ¬ 
ism experimented upon. In each vessel was, further, placed a small 


1 
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basin of unglazed porcelain with a constant height of water and a 
thermometer. 

Ozone, as evident from the figure, could have been analyzed in 
places 1—6 to ascertain its limits of concentration. In analysis the 
method of Ladenburg-Quasig was used to advantage, the gas 
being absorbed in special measuring flasks; after addition of potas¬ 
sium iodide and shaking, the solution was acidified by an equivalent 
amount of sulphuric acid and titrated by O'Ol n. Xa 2 S 2 0 3 . 

Fairly concentrated ozone passed through the joint 1 to the vessel 
I, in which it was considerably decomposed by the contact of the 
large surface of water in porous porcelain and the contact with the 
larvae and food; this decomposition proceeded along the vessels so 
that the ozone passed out from V greatly diluted. Analyses have 
shown that this decomposition was quite regular; this was especially 
advantageous for experiments with most diluted ozone, in which the 
time of observation had to be extended to several days. 

The results of the first set of observations are computed in- 
Tab. 1., where the constantly controlled percentages of ozone as 
well as the corresponding toxic effects are given. 



T able 1. 


1 3% 

2 2 % 



Percentage 

of 



0 n in vessels 


I. 

n. 

ii\ 

IV. 

V. 

3-00 

2-80 

2-68\ 

2-50 

2-01 

2-00 

1-76 

1-61 

\l'43 

TOO 

100 

070 

0-54 

f-42 

0'23 


i 

* 


Toxic effect given by time 
in which all grubs die 

S. If. Ill IV. V. 

at at at ‘/a 2 

once once once hour hours 

2 h. 4 h. 67a h. 9 h. 12 h. 

12 h. 3d. 4 d. 5 d. 6d. 


3 1% 
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Thus the ozone in all concentration used, i. e. from 3 to Q-23% 
is decidedly toxic. 

To bring the conditions as near as possible to the atmospheric 
ones and to avoid difficulties due to dilution of ozone by oxygen, 
in further work ozone has been prepared by ozonizing air. An altern¬ 
ating current ozonizer was placed in a large desiccator and air 
introduced from a bomb. Thus smaller concentrations yielded and 
the toxic effect diminished accordingly, as given in Tab. 2. 

Table 2. 

Percentage of Toxic effect expressed 

O s in vessels as death rate 

J. !!. III. IV. V. I. II. III. IV. V. 

100 '/, 1037,1 100 ",, 100 ';',, 75 % 

0’50 039 0‘21 0T2 Q"09 in 4 in 5 in 6 in 7 in 14 

days days days days days 

75% 5V., 

2 0'096 0-096 0’087 0D8 0‘07 Q-05 in 14 in 14 0% normal normal 

days days 

It is evident from Tab. 2. that the limit of poisonousness occurs 
at 0 - 12°/ 0 under which percentage the toxic effect is considerably 
decreased. In an atmosphere of 0-08% even a beneficial effect is 
observed, whereas 0'07—Q'05% ozone does not act differently from 
normal pure atmosphere. 

The toxic properties of ozone are thus analogous to those of any 
other poison, acting when greatly concentrated almost instantly and 
showing a limit of poisonousness under which ozone even promotes 
growth of the organism. 

Received June 28 th, 1931. The Institute 

of Forensic Chemistry, Charles' 
University, Prague. 
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Summary. 

The toxic effect of ozone in concentrations of 3 to 0*23% in 
oxygen and 0*5 to 0*05% in air has been examined on »f!our grubs« 
larvae. 

It has been observed that the limit of poisonousness of ozone 
occurs at 0*12% of ozone in air. An atmosphere with 0*08% ozone 
is even beneficial to the organism^ whereas 0*07—0*05% is indifferent. 





SUR LE DOSAGE POMDERAL DU GLUCINIUM 
ET SA SEPARATION D'AVEC L 5 ALUMINIUM AU MOYEN 
DU CARBONATE DE GUANIDINE 

par A. Jl'LEK et J. KOtA. 

Par sa position dans ie systeme periodique le glucinium se 
rattache, d’une part, a la serie des elements bivalents fortement 
electropositifs: Mg, Ca, Sr, Ba, Ra, d’autre part, aux elements plus 
faiblement electropositifs: Zn, Oil, Eg. Son hydroxyde se precipite 
pour %> H — 57—6’5, tandis que 1’hydroxyde de zinc, tres voisin de lui, 
seulement pour = 6—7. L’aluminium est situe a la place 3 de 
la deuxieme periode a 7 membres. Son hydroxyde se precipite pour 

= A'\ —6 - 5. Des trois metaux Al, Be, Zn, Paluminium est le plus 
electronegatif, alors que le glucinium est a peu pres a cheval entre 
ces deux metaux. 

Le produit de solubilite de l’hydroxyde d’aluminium 1 ) est un peu 
plus faible que pour la glucine. 2 ) 11 resulte de ce qu’on vient de 
dire que dans une separation de 1’aluminium d’avec le glucinium 
basee sur I’hydrolyse c’est I’alumine qui se precipite, non pas la glucine. 
Les limites de p B auxquelles ces hydroxydes precipitent etant trop 
Strokes, une separation de l’aluminium d’avec le glucinium basee sur 
Phydrolyse ne saurait etre que peu riette. 

II en est de meme pour les methodes fondees sur la solubilite 
inegale des carbonates basiques de Pun et l’autre mStaux dans les 
solutions de carbonates alcalins. Les carbonates neutres de ces metaux 
fortement electropositifs ne precipitent que les sels de glucinium, et 
non les sels d’aluminium, evidemment par suite du degre different 
d’electronegativitS du glucinium et de l’aluminium. En consequence 
de la nature plus fortement negative de l’aluminium comparativement 
au glucinium, et du fait que la nature electropositive du carbonate 
d’aluminium est moins prononcee que celle des carbonates des metaux 
alcalins, c’est le contraire qui a lieu pour la precipitation des sels 
de glucinium d’une part et des sels d’aluminium d’autre part 


1 ) P l AI(0H) 3 = 17-4. 

2 ) p L 01)011)1 = 14 - 68. 
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Le carbonate acide de sodium, pour lequel p H est bien moindre 
que pour ie carbonate normal, precipite les sels d’aiuminium, mais 
non ceux de glucinium. Etant donne que dans ce mode de separation 
la solution est maintenue en ebullition, ce qui a pour effet de trans¬ 
former le carbonate acide en carbonate normal et de faire augmenter 
par ceia le p H , la solubilite du carbonate basique d’aiuminium forme 
primitivement subit egalement une augmentation, et les conditions 
necessaires pour maintenir le glucinium en solution eprouvent une 
influence defavorable. II en ressort que ces methodes ne sauraient 
non plus determiner une separation exacte des metaux en question. 

Les proprietes de l’aiuminium et du glucinium etant tres voisines, 
on conqoit qu’il soit difficile de trouver un agent ne precipitant que 
1’Un de ces metaux. La literature nous enseigne qu’on a ete plus 
heureux dans l’elaboration des precedes pour separer l’aiuminium 
d’avec le glucinium qu’inversement. C’est ainsi que d’apres L. Moser 
et M. Nieszner 3 ) on peut separer l’aiuminium d’avec le glucinium 
au moyen du tan in en milieu d’acetate d’ammonium, d’apres M. 
Nieszner 4 ) au moyen de l’oxyquinoleine en milieu acetique, d’apres 
F. W. Attack 5 ) a l’aide de l’acide alizarine-sulfonique dans le meme 
milieu. Dans ces cas la c’est I’aluminium qui est precipite le premier, 
tandis que le glucinium est dose dans le fiftrat au moyen d’ammonia- 
que, dans le cas du tan in seulement apres la destruction de ce dernier. 

Suivant C. Rossler 6 ) on peut fonder la separation du glucinium 
d’avec 1’aluminium sur l’insolubilite du phosphate double de gluci¬ 
nium et d’ammonium dans une solution renfermant du tartrate d’ammo¬ 
nium, suivant G. Wyrouboff,") sur l’insolubilite de 1’oxalate double 
de glucinium et de potassium. Dans I’un et l’autre cas, l’aiuminium n’est 
pas precipite. A en juger par les indications de la litterature, la solu¬ 
bilite surtout du dernier sel double n’est point negligeable, ce qui ne 
permet pas une separation exacte. En resume, il n’existe pas de 
methodes sures pour le dosage du glucinium en presence d’aiuminium. 

Nous passons sous silence les methodes basees sur la solubilite 
inegale de divers composes de glucinium d’une part et d’aiuminium 
d’autre part dans certains solvants organiques, ainsi que celles fondees 
sur la volatility inegale de certains composes de ces deux mdtaux. 
En effet, ces methodes manquent toutes de precision. Un aperqu 
de tous les precedes proposes pour separer i’aluminium et le glu¬ 
cinium se trouve dans le memoire de H. Fischer, 8 ) plus recem- 
rrient dans la publication de L. Moser et M. Nieszner. 9 ) Au dire 
de ces auteurs la plupart des methodes en question donne des resultats 
d’une exactitude insuffisante. 
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Dans le present memoire nous rendons compte d’une methode 
oil Se dosage du glucinium en presence d’aluminium est opere au 
moyen du carbonate de guanidine. Ainsi que nous l’avons signale 
plus haul, le glucinium se rapproche du zinc par quelques-unes de 
ces proprietes. 11 en est ainsi pour les carbonates, qui sont partiel- 
Iement solubles dans un exces de carbonates alcalins, entierement 
solubles dans le carbonate d’ammonium. Par contre, l’un et 1’autre 
carbonates sont pratiquement insolubles dans un exces de carbo¬ 
nate de guanidine, meme en presence de tartrate d’ammonium. 

L’aluminium se precipite par le carbonate de guanidine, dans 
I’exces duquel il se dissout en majeure partie, le glucinium est lui 
aussi precipite dans ces conditions, mais le precipite est insoluble 
dans l’exces du precipitant. Les carbonates alcalins ou d’ammonium 
en presence de tartrate d’ammonium ne precipitent ni le glucinium 
ni {’aluminium. Par contre, dans le meme milieu tartrique le carbonate 
de guanidine precipite bien le glucinium, mais non l’aluminium. Cette 
difference dans le comportement des deux metaux vis-a-vis du car¬ 
bonate de guanidine peut done etre mise a profit pour les separer l’un 
de l’autre. Si 1’on precipite par un faible exces de carbonate de gua¬ 
nidine, surtout a [’ebullition, il se forme un precipite ressemblant 
a l’hydroxyde, si par contre cette precipitation est effectuee, a froid, par 
un exces repondant environ au rapport de 3 mol. de precipitant pour 
1 atome de Gl, on voit apparaitre un precipite cristallin, luisant, rappelant 
par son aspect le double phosphate de manganese et d’ammonium. 

Lors de la precipitation du glucinium par un exces de carbonate 
de guanidine, en presence de tartrate d’ammonium, il se forme, par 
double decomposition, du carbonate d’ammonium qui met partielle- 
ment en solution le precipite glucinique. Dans le cas oh la propor¬ 
tion de sel ammonique (tartrate en i’espece) n’est que peu conside¬ 
rable, la quantite de carbonate d’ammonium forme est faible elle 
aussi, de sorte que son influence se laisse aisement Sliminer en ajou- 
tant, avant la precipitation, de l’aldehyde formique qui fait passer le 
carbonate d’ammonium a i’etat d’hexamethylene-tetramine. Si la pro¬ 
portion de sels d’ammonium est un peu forte, il faut s’en debarrasser 
au moyen de formaldehyde -j- NaOB, parce que, dans ce cas, une 
partie considerable du precipitant (carbonate de guanidine) serait trans- 
formee en carbonate de guanidine. Afin que le precipite conserve 
son aspect et surtout sa composition, il faut operer le lavage par un 
liquide possedant la meme composition que le liquide dans lequel 
le precipite a pris naissance. Si cette condition est negligee, il y a 
hydrolyse ou.mfime dissolution partielie du precipite glucinique. 
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On reconnait aistment combien ii est difficile d’isoler le produif 
a Fttat pur et d’etablir sa composition de maniere direcie. En vue 
d’analyse, il n’est toutefois pas necessaire de connaitre cette composi¬ 
tion, vu que Femploi du dit iiquide de lavage excluf la pesee directe 
du precipite et exige sa transformation en glucine anhydre par calcina¬ 
tion. De maniere indirecte nous avons pu etablir que le precipite 
presente pour C0. 2 et Gl le rapport 2:3, ce qui fait penser a un 
carbonate basique de formule possible de 2 GlCO s . Gl{OH ) 2 . xH. z O 
plutot qu’a un carbonate double de glucinium et de guanidine. 

Dans le filtrat apres le precipite on peut con stater, au moyen 
du reactif de K. Fischer, 10 ) tres sensible, la presence de glucinium, 
comme c’est d’ailleurs le cas pour toutes les methodes de dosage de 
ce metal. Malgre cela, le dosage du glucinium par le carbonate de 
guanidine et sa separation d’avec i’aiuminium donne des resuitats 
quantitatifs, comme on le verra par les donnees figurant dans la 
partie experimenfale de notre memoire. 

Etant donne que plusieurs autres cations se comportent vis-a-vis 
du carbonate de guanidine a la maniere de l’aluminium, notre precede 
de separation sera evidemment applicable a eux aussi. Les essais 
dans cette direction sont en cours a notre laboratoire. 


Partie exptrimentale. 


Dosage ponderal du glucinium au moyen du carbonate 

de guanidine. 

Les solutions glucinees ont ete preparees en employant le chlorure 
et I’azotate de la maison Merck. Leur titre a ete etabli soit a 1’aide 
de l’ammoniaque, soit par evaporation a siccitt de la solution addi- 
tionnde d’acide azotique, avec calcination ulterietire jusqu’li poids 
constant pour obtenir la glucine anhydre. 

Nous essayions avant tout de precipiter le glucinium, en solution 
faiblement acide, par un petit exces de carbonate de guanidine soit 
a froid, soit a l’ebullition, et cela soit en presence de chlorure d’am- 
monium, soit en son absence. Le precipite volumineux etait aussitot 
filtre, puis lave par une solution chaude d’azotate d’ammonium a 2°/ 0 , 
neutralist au rouge mtthyle par de Fammoniaque dilute. Apres calci¬ 
nation, on pesait la glucine anhydre. 

Les rtsultats figurent dans le tableau 1. 



340 


Tron ve 


Mis 

en oeuvre 

mgr de 010 


Difference 
en mgr 
de CIO 


Tableau 1. 

Carbonate 


Nif,n 

en pt 


de guanidine 


en pt 


Volume 

total 


1 . ' 

72-6 

— o-i 

— 

0*9 

2. 

72-3 

— 0-4 i 


0*75 

3. 

72-8 

~j~ 0*1 





> 727 


- 1 


1 

4. 

73-4 

+ 07 


5. 

7P6 

— 1*1 




6. 

727 

± 0*0 





Note 

Precipitation 
a Pebullition 


, Precipitation a froid • 

1 l’aspect du precipite est 
100 'I moins favorable que pour 
1 le produit obtain fi cbaucl 

I Precipitation 

I a rebullition 


Le tableau fait voir que les resultats sont variables par suite de 
la nature colloidale du precipite. Si toutefois on opere la precipitation 
a froid et par un exces plus considerable de carbonate de guani¬ 
dine, on obtient des precipites d’aspeci beaucoup plus avantageux, 
qui depend d’aiileurs-de la concentration de l’agent precipitant. 

C’est avec intention que I’addition du sel d’ammonium a ete 
supprimee ici. Apres un repos prolonge, le precipite etait filtre, lave 
par une solution froide d’azotate d’ammonium a 1%, puis amene 
par calcination a 1’etat de glucine. 

Le tableau II rend compte des resultats obtenus de cette maniere: 


Tableau II. 


Precipitation du glucinium par un exces considerable de carbonate 
de guanidine en solution aqueuse. 


No 


1 . 

2 . 

3. 

4. 


is 

mgr de 


727 { 



53 

o 

C 



> 

tu 

u 

S3 


3^5 

a 

m 

(V 

j- 

3 

CD 

o 

H 

0> 

'53 

CD 

V 

life. 

|! 

S3 

010 

s 


o-S 5 

& § 

o 

> 

73*2 

— 

0*5 

2 


100 

72*9 

+ 

0*2 

2 

: 

too 





2 


72*7 

± 

0*0 

375 


300 

72*4 

_ 

0*3 

3 


100 




Note 


Le precipite est finement cristal¬ 
lin, a eclat soyeux; par dilution 
a 200 cc. Veclat diminue et le pro- 
duit devient floconneux. Par la¬ 
vage a Pazotate d’ammonium 
a 1% froid Peclat disparalt com- 
pletement, le precipite devient 
floconneux apres £tre entre un 
peu en solution. 

Le precipite est cristallin, a eclat 
soyeux. 

Le precipite est cristallin, son 
aspect ne change pas par dilution 
a 300 cc. 
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Les resultats obtenus de cette maniere son! satisfaisants. Si. pour 
le poids maximum de Oi gr de GW, on emploie plus de 1 gr de 
precipitant sur 100 cc. environ, ii se separe, a froid, un fin precipite 
cristallin a eclat soyeux qui perd son eclat ei devient floconneux 
par forte dilution ou lors du lavage par 1’azotate d’ammonium a 1%, 
surtout a chaud. Alors le fiitre se trouble un peu. Le precipite luisant 
est un peu soluble dans Peau froide et dans une solution aqueuse 
froide de NHiNO s a l°/ 0 . Les flocons formes par [’hydrolyse du preci¬ 
pite luisant sont pratiquement insolubles dans la dite solution de 
NH 4 NO s . 

Comme il s’agissait en premier lieu d’elaborer un precede de 
dosage du glucinium en presence d’aluminium, il a fallu etablir les 
conditions de precipitation du glucinium par le carbonate de guanidine 
en milieu alcalin, milieu dans lequel Paluminium n’est pas precipite. 
Pour cette raison nous operions les precipitations dans des solu¬ 
tions renfermant du sel de Seignette (4%) ou du tartrate d’ammo¬ 
nium en concentrations approximativement equivalentes. 

Pour que, dans ce milieu, le glucinium se depose sous forme d’un 
precipite luisant, il faut que le carbonate de guanidine soit ajoute a 
une solution faiblement acide au rouge methyle. Si l’on ajoute le 
precipitant a une solution faiblement alcalinisee par rapport a la 
phenolphtaleine, il se forme un precipite floconneux. 

Done, tant que la solution glucinee, apres l’addition du sel de 
Seignette, se montrait trop acide, on la neutralisait par de l’ammo- 
niaque diluee ou de la lessive alcaline jusqu’a obtention d’une 
reaction faiblement acide au rouge methyle, apres quoi on precipi- 
tait par un exces de carbonate de guanidine en solution aqueuse. 
Apres filtration, le precipite etait lave par une solution soit froide, 
soit chaude a 1% de NHiNO^ a 1% neutralist par NH S au rouge 
methyle, ou bien d’abord par un liquide de lavage renfermant du 
sel de Seignette et du carbonate de guanidine, puis par une solution 
chaude de Le precipite etait ensuite calcine pour obtenir 

la glucine anhydre. 

Le tableau III donne les resultats ainsi obtenus. (Voir p. 342.) 

Ainsi qu’on le voit dans ce tableau, les valeurs trouvees sont 
quelquefois inferieures, quelquefois superieures aux valeurs calculees. 
Le premier cas s’observe pour des quantites considerables de preci¬ 
pite, oil la retention du sel de Seignette est plus marquee, notam- 
ment si le lavage a et6 opere uniquement par une solution froide d’azo- 
tate d’ammonium. Les ecarts en moins sont surtout dQs a la solubility 
du precipite dans le carbonate d’ammonium forme au debut du lavage 



Tableau III. 

Precipitation du glucinium par le carbonate de guanidine en presence de sei de Seignette. 
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par I’action de la solution chaude d’azotate d’ammonium sur le carbo¬ 
nate de guanidine retenu dans le precipite. De meme nature est le 
rdsultat de l’essai N° 10, oil le lavage a ete effectue par deux liqui- 
des dont 1’un, employe a froid, renfermait du carbonate de guani¬ 
dine et du sel de Seignette, i’autre, applique a chaud, de 1’azoiate 
d’ammonium. 

Pour eviter les erreurs causees par la retention du sel de Seignette, 
nous lui avons substitue le tartrate d’ammonium en quantite equiva- 
lente. D’autre part, les erreurs dues a la solubilite du precipite dans 
le carbonate d’ammonium, ont ete eliminees en remplaqant 1'azotate 
d’ammonium par un liquide de lavage renfermant le tartrate d’ammo¬ 
nium et le carbonate de guanidine melanges dans le m&me rapport 
que lors de la precipitation. Toutefois, l’emploi du tartrate d’ammonium 
dans la precipitation du sel de glucinium par le carbonate de guani¬ 
dine, comme aussi dans le liquide de lavage determine, meme a froid, 
la formation du carbonate d’ammonium qui, suivant sa concentration, 
dissout plus ou moins le precipite. C’est pourquoi il est necessaire 
de le detruire, le mieux par de 1’aldehyde formique qui le fait passer 
a l’etat d’hexamethylene-tetramine. La double reaction citee plus haut 
consommant une partie du sel de guanidine, nous avons augmente 
sa dose de 100 cc. a 150 cc. de solution a 4%. La solution de tar¬ 
trate d’ammonium a ete preparee en neutralisant (au rouge methyle) 
42*5 gr d’acide par de 1’ammoniaque et en ramenant a 2 litres. 

Void comment on procedait: A la solution moderement acide de 
sel de glucinium on ajoutait 50 cc. de liqueur tartrique (voir ci-dessus), 
on neutraiisait par de la potasse diluee jusqu’a ce qu’il ne restat 
plus qu’une reaction faiblement acide (indicateur rouge methyle), on 
ajoutait 2'5 cc. de formaline (a 40%), et l’on precipitait a froid par 
150 cc. de liqueur guanidinique (a 4%) fiitree, en ayanf soin d’agiter. 
Au bout de quelques secondes, on voyait apparaltre un fin precipite 
cristallin, a eclat soyeux. Par dilution, on ramenait le volume a 250 cc. 
environ. 

Apres 12—24 heures de repos, on recueillait le precipite sur un 
filtre Schleicher-SchflU (bande bleue), puis on le lavait a froid par une 
solution renfermant dans 250 cc. 50 cc. de tartrate d’ammonium de 
concentration signals, 150 cc. de carbonate de guanidine a 4% et 
2*5 cc. de formaline a 40%. Apres disparition de CV dans les liquides 
de lavage, on calcinait le precipite jusqu’a poids constant. 

Le tableau IV donne les resultats obtenus. (Voir p. 344.) 

Dans les conditions de ce tableau les chiffres obtenus sont done 
presque theoriques. L’ecart en moins de l’essai 6 est du au lavage 
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Tableau. IV. 


Precipitation du glucinium en presence de tartrate d’ammonium, 

et de formaline. 


No 

Mis 

Trou ve 

Difference 

Volume 

en oeuvre 

en mgr 

du liquide 


mgr de 010 

de GIO 

de lavage 

1 . 

65-8 

657 

— o-i 

175 

2. 

110-4 

1104 

± 00 

150 

3. 

22-0 

21-9 

— 0-1 

100 

4. 

8-8 

8-9 

+ 0-1 

120 

5. 

49-4 

49-5 

+ o-i 

120 

6. 

49-4 

48-7 

— 07 

130 


Note 


Voir dans le texte la com¬ 
position du liquide de 
lavage. 


Lavage ulterieur par 
200 cc. de XH t X0, a 


ulterieur par I’azotate d’ammonium, qui a ete opere pour mettre en 
evidence Paction nocive du carbonate d’ammonium naissant dans la 
double decomposition de 1’azotate d’ammonium avec le carbonate 
de guanidine retenu par le precipite. 

.D’une maniere generate, la presence de sels d’ammonium entrave 
la precipitation complete du glucinium par le carbonate de guanidine. 
S’il s’agit d’une quantite connue de tartrate d’ammonium, on pent 
aisement paralyser cette action nocive en ajoutant une quantite 
appropriee de formaline. Si, toutefois, on etait en presence d’une 
quantite inconnue de sei d’ammonium autre que le tartrate, on 
pourrait, pour s’en debarrasser, proceder des deux manieres suivantes: 

1. soit eliminer le carbonate d’ammonium deja engendre par l’alde- 
hyde formique apres la precipitation du sel de glucinium par le car¬ 
bonate de guanidine; 

2. soit transformer le sel d’ammonium, au moyen de E.COH et 
d’aicali, en sel alcalin avant la dite precipitation. 

Dans le premier cas 11 est difficile de trouver exactement la dose 
necessaire de formaline. D’autre part, le rabaissement par le sel am- 
monique de la concentration en carbonate de guanidine, fait augmenter 
la solubility du precipite, ce qui conduit pour le glucinium a des va- 
Ieurs inferieures aux valeurs calculees comme nous le fait voir le 
tableau V. (Voir p. 345.) 

L’essai 4 du tableau V confirme que ce sont les sels d’ammo¬ 
nium qui rabaissent les resultats, et que les sels sodiques n’exercent 
pas cette influence nocive. Le sel d’ammonium se laisse ecarter quan- 
titativement 11 ) par action de HCOE et de potasse sur la solution glu- 
cinee avant la precipitation au moyen de carbonate de guanidine. 
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Tableau V. 


Precipitation du glucinium par le precede du tableau IV mais en presence 
de NHJ'l. Elimination du carbonate d’ammonium apres ia precipitation. 


No 

Misen T g 

cBiivre 

Difference d 

d \Wo * H ' Cl 

—0-9 1 

Repos Volume en cc , 
en du liquide Note 

1 . 

mgr de 

88-3 

GIO 

87-4 

heures 

48 

de lavage 

110 

Composition du li¬ 

2. 

66-2 

65-2 

— 1-0 2 

48 

130 

quide de lavage 
comme dans les 

3. 

66-2 

65-8 

— 0-4 2 

48 

100 

essais du tableau IV. 

4. 

44T 

43-9 

-0-2 1*) 

48 

120 

*) Nad a la place 
de NE, Cl 


Pour cela, voici comment on operait: A la solution glucinee faible- 
ment acide on ajoutait 50 cc. de liqueur tartrique (voir plus haut) et 
une dose assez considerable de NH^Cl. Avant de proceder a la pre¬ 
cipitation, on eliminait ce dernier en ajoutant 5 cc. de formaline 
a 40°/ 0 et en alcalinisant a la soude jusqu’a ce que la teinte rose de 
phenolphtaleine persistat metne apres une nouvelle addition de HCOH 
et d’alcali. La liqueur etait alors amenee a une faible acidite (indica- 
teur rouge methyle), et precipitee par 150 cc. de reactif guanidique. 
Pour le reste, on procedait comme dans les essais precedents. 

Les resultats obtenus se trouvent rassembles dans le tableau VI. 


Tableau VI. 

Precipitation du glucinium par le procede du tableau IV avec elimi¬ 
nation du NHiCl (par HCOH + alcali) avant Taction du carbonate de 

guanidine. 


Mis _ 

No enceuvre Trouve 
mgr de GIO 


i. 

88-3 

88-5 

2. 

88 

8'6 

3. 

22-0 

21-8 

4. 

8-8 

8-9 


Difference 
en mgr de 
GIO 

NHfil 
en gr 

Repos 

en 

heures 

+ 0-2 

1 

48 

-0-2 

2 

48 

-0-2 

2 

48 

+ o-i 

2 

48 


Volume en 
cc, du liquide Note 
de lavage 

125 Liquide de la¬ 

vage comme 
dans le 

105 tableau IV. 
120 

120 


II ressort de ce tableau que Taction nocive des sels d’ammonium 
se laisse ecarter par le procede ci-dessus. Dans ces conditions, le 
dosage du glucinium est done quantitatif pour des poids ne dSpas- 
sant pas 0*1 gr de GIO environ. 
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H. 

Separation du glucinium d’avec l’aluminium. 

La liqueur fondamentaie d’aiuminium a ete preparee en employ- 
ant Se sulfate d’aiuminium Merck. Son titre, determine au moyen de 
l’ammoniaque, etait en moyenne 102*1 mgr de Al 2 0 3 pour 25 cc. 

La separation des deux metaux, basee sur le fait qu’en presence 
de tartrate seal le glucinium est precipite par le carbonate de guani¬ 
dine, a ete elaboree pour des quantites maximum d’environ 0‘1 gr 
d’oxyde de chacun des metaux en question. A fin d’empScher, aux 
environs de la reaction neutre, I’hydrolyse du sel d’aiuminium en sel 
basique insoluble, il faut au moins 1 gr de sel de Seignette pour 
O'l gr d’oxyde. Le mode operafoire etait celui signale dans la partie I 
de noire travail, avec certairies modifications cependant. 

C’est ainsi que dans la precipitation en presence de tartrate, et 
eventuellement aussi d’un sel d’ammonium, on operait comme suit: 
A la solution faiblement acide de sels de glucinium et d’aiuminium, 
renfermant eventuellement un sel d’ammonium (chlorure, sulfate), on 
ajoutait 25 cc. de solution a 4% de sel de Seignette, puis, apres avoir 
ramene la solution par NaOH a une reaction faiblement acide (indi¬ 
cates rouge methyle), on precipitait par 100 cc. de carbonate de 
guanidine a 4°/ 0 , apres quo! on diluait a 250 cc. environ. 

Apres un repos prolonge, le precipite etait recueilli sur un filtre 
Schleicher-Schull (bande bleue) et lave d'abord par 50 cc. environ 
d’une solution renfermant pour 50 cc. de sel de Seignette a 4% 150 cc. 
de carbonate de guanidine a 4%, puis par une solution chaude a 1% 
d’azotate d’ammonium (neutralise au rouge methyle par NH?) jusqu’a 
disparition de 1’ion Cl'. Apres ce lavage, le precipite etait calcine. (Voir 
le tableau VII. p. 347.) 

Les valeurs obtenues pour le glucinium sont ici generaiement 
superieures aux valeurs theoriques, et cela d’autant plus que la quan¬ 
tity de glucinium mis en oeuvre etait plus forte. Le fait se laisse ex- 
pliquer par une retention, dans le precipite, d’aiuminium d’une part 
et de sel de Seignette d’autre part. La dose de 1 gr de sel de Seig¬ 
nette employee pour maintenir l’aluminium en solution, paraft etre 
le minimum pour O'l gr de Al*O s . C’est pourquoi on l’a remplace 
dans les essais ulterieurs par une double dose de tartrate d'ammonium. 

La solution de ce sel a ete preparee a partir de 42'5 gr environ 
d’acide tartrique en neutralisant au rouge methyle par NH S et en 
ramenant le volume a 2 litres. Avant de precipiter par le sel de 
guanidine, on ajoutait 50 cc. de la dite solution de tartrate, et le meme 
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Tableau VO. 

Precipitation du glucinium en presence d’aluminmm en milieu tartrique. 

Volume total 250 cc. environ. 



Mis en 

. oeuvre 

Trouve 

Difference 

s S 

Apparition 

Repos 


No 

mgr 

mgr 

mgr 

en mgr 

zZ '£ du precipite 

en 

Note 


de GIG 

d’AUQp 

de GIO 

de GIO 

c an cours cle 

rr. — 

heures 


1. 

98-81 


101*9 

4-3*1 

— 

Vs m. 

36 

Voir dans 
le texte la 

2. 

49*4 


51-7 

— 2-3 

— 

V' a m. 

12 

composite 

3. 

16*5 

' 102*1 

16-7 

4-0-2 

— 

V m. 

12 

du liquide 
de lavage. 

4. 

16*5 


16-6 

-4-0*1 

0'5gr 

3 m. 

12 







de sulfate 




5. 

82-3 


82-7 

— 0-4 

0*5 gr 

Vs ni. 

36 







de sulfate 




6 . 

49-4. 


49-6 

4-0*2 

0*5 gr 

1 m. 

12 



de chlorure 


volume en remplaqant le sel de Seignette dans le liquide de lavage,, 
Pour le reste* on procedait comme ci-dessus. 

Les resultats sont resumes dans le tableau V11L 


Tableau Vlll 


Precipitation du glucinium en presence d'aluminium par 100 cc. 
de liqueur guanidique apres addition de tartrate 
d'ammonium. Volume total 250 cc. 



Mis 

a. 

No 

en oeuvre 

•to 


mgr de 

mgr de 

0 


GIO 

* 1^2 O 3 

H-o 

1. 

49'4 ' 


48-5 

2 . 

82-3 


80-3 

3. 

82-3 


81-6 

4. 

32-9 

■ 102*1 

33-0 

5. 

16-4 


16-2 

6. 

6-6 


6-3 

7. 

3-3 


2-4 


co 

h 

Jg-s 

CJ ^ 

n q 

c 

O.S-tn 
*C3 u *2 

3 K 

ss c»jc 

Cl § 


•rr 'V ^ 
u* O 
£,c.u 

O _ 


5—• *2 

<1 n as 

— 0°9 

0-5 

1 % m. 

— 2*3 

0-5 

1 m. 

— 0*7 

— 

1 ; 2 m, 

+ 0T 

— 

Vs m. 

-0*2 

— 

Vs m. 

— 0-3 

— 

3 m. 

— 0*9 

— 

Va h 


yj en Note 

o t 


i o Le lavage a ete effectue 
d’abord a froid par 50 
4 cc. d'un liquide renter- 
mant 50 cc. de tartrate 
12 d’ammonmm a 4% 
pour 150 cc. de carbo- 
nate de guanidine a 4%, 
12 puis, jusqu ? a plus d ? ion 
Cl f par une solution 
36 ckaude d’azotate d'am- 
monium a 1 % neutra- 
20 Usee comme ci-dessus. 


Dans tous les essais de ce tableau les valeurs pour le glucinium 
ont ete trouvees trop basses, surtout dans les cas oil I’on avait opere 
en presence de chlorure d’ammonium, car il se formait alors une 
quantity plus considerable de carbonate d’ammonium. Par contre, la 
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presence du sel d’ammonium augmentait la compacite du precipite 
en raison de sa solubility plus marquee dans le milieu en question. 

Dans les essais ulterieurs nous avons tache de paralyser 1’influence 
nocive du carbonate d’ammonium en augmentant la dose de carbo¬ 
nate de guanidine. A cet effet, les 100 cc. de reactif ont ete remplaces 
par 150 cc. Pour le reste, on operait comme plus haut. 

Voici les resultats obtenus dans cette serie d’essais (tableau IX). 


Tableau IX. 

Precipitation du glucinium en presence d’aluminium par 150 cc. 
de carbonate de guanidine a 4°/ 0 apres addition de tartrate 
d’ammonium et des doses variables de NH/JI. 

Volume total 250 cc. 


Note 


Lavage 
comme 
dans les 
essais 
du 

tableau 

V1H. 



Misen 

oeuvre 


53 o 
o 

V. 

C 

.2 o w 

cn 

No 

55s <& 

<L» 

> ;> 

S si 

o 

H-S 

53 oj 

i-t -o 
'It 

£ b 

S3 St 

Q s 

<V 

E5 

v cu iz 

& 

q, 

<•3 3 

Repos 
eu heurt 

1. 

82-3 ' 


82-3 

± 0-0’ 


\L m. 

12 

2. 

32*9 


322 

-0-7 


1 j 2 m. 

36 

3. 

16-4 


165 

+ 01 


1 m. 

12 

4. 

6-6 


6-4 

-0-2 


3 m. 

36 

5. 

3*3 


2-7 

— 0-6 


10 m. 

20 

6. 

164-7 


164-7 

± o-o 


20 s. 

12 

7. 

247-0 


2465 

— 0-5 

> 

20 s. 

12 

8. 

82-3 


82-4 

+ o-i 

113 

1 m. 


9. 

98-8 


98-8 

± o-o 


1 m. 


10. 

98-8 


98-7 

— o-i 


7a rn. 

> 12 

11. 

49-4 


49-2 

— 0-2 


1 / 2 m. 

12. 

16-4 

> 102*1 

15-7 

— 0-7 


1 m. 


13. 

98-8 


98-9 

+ o-i 


Va m - . 


14. 

98-8 


98-7 

— o-i 


Vs m. 


15. 

16-4 


14-8 

— 1-5 

l 

— 


16. 

49-4 


48-4 

— 1-0 

1 

— 

> 90 

17. 

98-8 


97-7 

— 1-1 

2 

— 


18.’ 



792 

-3-1 

5 

— 


19. 



76-6 

— 5-7 

10 

— 


20. 

21. 

22. 

1 82-3 


82-5 

82-7 

82-5 

4-0-2 
+ 0-4 
+ 0-2 

• 0-5 

Va m - 

> 36 

23. 



82-4 

+ 0 - 1 . 
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II ressort du tableau, que si la quantite de NH 4 Cl ne depasse pas 
0'5 gr, la dose augmentee de precipitant (150 cc, d’une solution a 4%) 
suffit pour paralyser Faction du carbonate d’ammonium forme par 
double decomposition, de sorte qu’on obtient des resultats satisfaisants. 
11 n’en est pas de meme si la proportion de chlorure d’ammonium 
est poussee au-dessus de la limite indiquee, car l’accroissement 
de la concentration en carbonate d’ammonium etant favorable a la 
dissolution du precipite, les valeurs trouvees pour le glucinium sont 
trop bas. L’augmentation de la teneur en sel d’ammonium modifie 
en outre 1’aspect du precipite, qui presente alors un gros grain. 

Une augmentation ulterieure de la proportion du precipitant (au- 
dela de 150 cc.) n’exerce, toutes choses egales d’ailleurs, aucune 
influence sur l’effet quantitatif de la precipitation du glucinium. 

Les sels de sodium ou de potassium ne nuisent pas a la preci¬ 
pitation, comme le font voir les essais figurant dans les tableaux X et XI, 
tout au plus on peut observer un ralentissement de la precipitation 
dans le cas des sulfates alcalins. (Tableau XI voir p. 350.) 


Tableau X. 


Precipitation du glucinium en presence d’aluminium par 150 cc. de 
carbonate de guanidine a 4% apres addition de 50 cc. de tartrate 
d'ammonium et des quantites variables de sel sodique. 



Mis 

3, 

CO 

^3 

•>0) GJ> 
.-CT3 



en oeuvre 

S ' 

a 

C 

o*n cr. 

05 

4J 

No 

a> 

TJ 

•a n 

Trouve 
de GIO 

C V 
£-« 

51 1 

Sel de 
sodium 

Appariti 
du prei 
au cour 

Repos 
en heur 

1. ' 



827 

+ 0-4 

1 NaCl J 


1 

2. 



82-5 

+ 0'2 

2 NaCl 

Va m. 

i 16 

3. 



82-5 

+ 0-2 

3 NaCl J 

1 j 

1 

4. 

► 82*3 

102*1 

82-5 

+ 0-2 

2-8 Na 2 80i 

1 m. 

1 

5. 



82-4 

+ 01 

5-5 Na 2 S0 4 

1 Va m. 

1 12 

6. 



823 

± o-o 

8-3 Na. 2 S0i 

* Va m.; 

1 


Moyenne = 

82'48 

+ 0T8 





Note 


Lavage 
comme dans 
les essais du 
tableau 
precedent. 


Les essais effectues jusqu’ici prouvent qu’en presence d’aluminium 
le dosage du glucinium est quantitatif dans les conditions signalees 
plus haut, suppose que le precipite glucinique ne soit lav6 par plus 


2 
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de 50 cc. environ d’un iiquide de lavage renfermant pour 50 cc. de 
tartrate d’ammonium de concentration signalee 150 cc. de carbonate 
de guanidine a 4%, quantite suffisant juste pour eliminer l’aluminium 
retenu. Vient ensuite un lavage ulterieur par une solution chaude 
d’azotaie d’ammonium a 1% jusqu’a disparition de l’ion CV ou SO^". 

A cause de sa teneur en carbonate d’ammonium, un volume plus 
considerable de Iiquide de lavage pourrait dissoudre un peu le pre¬ 
cipite. Si toutefois on ajoute de la formaline tant au Iiquide a preci- 
piter qu’a celui de lavage, le carbonate d’ammonium se trouve detruit 
et le precipite n’entre pas sensiblement en solulion. La formule la plus 
avantageuse pour le Iiquide de lavage est la suivante: 250 cc. doivent 
renfermer 50 cc. de tartrate d’ammonium de concentration ci-dessus, 
150 cc. de carbonate de guanidine a 4 %, 2'5 cc. de formaline k 40%. 

Les constituants de ce Iiquide de lavage sont tous eliminds lors 
de la calcination du precipite glucinique, de sorte qu’on peut operer 
la calcination immediatement apres le lavage. 

Dans le filtrat, l’aluminium est dose, apres mineralisation au moyen 
d’acide sulfurique concentre (25 cc. environ), en precipitant par Pam- 
moniaque. II faut seulement tenir compte de la souillure eventuelle 
de la solution aluminique par la silice provenant des reactifs-em¬ 
ployes et du vase de verre attaque pendant la mineralisation. 

Pour les resultats, consulter le tableau XII. 
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Tableau XII. 


Precipitation du glucinium en presence d’aluminium par 150 cc. 
de carbonate de guanidine a 4%, 50 cc. de tartrate d’ammonium et 
2*5 cc. de formaline a 40%. Volume total: 250 cc. 

Mis en oeuvre Trouve Difference Lepr&i- R e p 0S c|| 

N ° mgrdemgrde mgr mgr en mgr en mgr paraitau en -fj"! Note 
GIO Jl 2 0 3 de GIO d’Al 2 0 3 de GIO d f Al 2 0 3 cours de heures >3^ 


1 . 

22-2 

102-1 

21-9 

— 

— 0-3 

_ 

1 Vo m. 

36 

195 

Voir dans 











ie texte 

2. 

44-4 

102-1 

44-3 

— 

—o-i 

— 


36 

200 

la compo¬ 



81-6 








sition da 

3. 

111-1 

111-0 

— 

— o-i 

— 

i 


190 

liqulde de 

4. 

111-1 

CO 

o 

110-9 

_ 

— 0-2 

___ 



185 

lavage* 









- 12 



5. 

13-2 

102-1 

13-0 

102-2 

— 0-2 

-4- 0-1 



200 


6. 

4'4 

102-1 

4-1 

101-9 

— 0-3 

— 0-2 

9 m. 


200 



La precede decrit permet done one separation quantitative du gluci¬ 
nium d’avec l’aluminium.Si toutefois la solution a analyser contient,&c6te 
d’une dose connue de tartrate d’ammonium, d’autres sels d’ammo¬ 
nium en quantite inconnue, on est oblige d’ecarier ces derniers avant 
la precipitation au carbonate de guanidine, pour des raisons signa- 
lees dans la premiere partie de ce memoire. Pour cela, nous proce- 
dions, ici encore, de la maniere suivante: A la solution moderement 
acide renfermant les sels de glucinium, d’aluminium et d’ammonium, 
on ajoutait 50 cc. de tartrate d’ammonium de concentrations indiquee 
plus haut, 5 cc. environ de formaline a 40%. On alcalinisait goutte 
a goutte par NaOH (3 n) jusqu’a obtention d’une teinte rose (indi¬ 
cates phenolphtaleine) persistant apres une nouvelle addition de 
EC OH et de NaOH. La liqueur etait ensuite rendue faiblement acide 
par HCl etendu (indicateur rouge methyle), puis precipitee par 150 cc. 
de liqueur guanidique & 4% et ramenee par dilution a 150 cc. environ. 
Pour le reste, on operait comme ci-dessus. 

Le tableau XIII resume les resultats obtenus par ce procede. (Voir 
p. 352.) 

On voit dans ce tableau encore que les sels d’ammonium se laissent 
parfaitement ^carter, apres quoi la separation du glucinium d’avec 
1’aluminium devient quantitative. Comme le sel d’ammonium passe 
a Petat de sel de sodium, on peut conclure que la presence de sels 
de sodium ne gene en aucune fa$on le dosage. Ce qui vient d’etre 


T 
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dit pour les sels sodiques, s’appiique egalemenl aux sels potasiques, 
ainsi que le fait voir le tableau suivant (XIV). 


Tableau XIII. 

Precipitation du glucinium en presence d’aluminium par 150 cc. de 
carbonate de guanidine a 4%, 50 cc. de tartrate d’ammonium et 
des quantites variables d’autre sel d’ammonium qu’on eliminait par 
HCOH + NaOH avant la precipitation. 


CD <V 



Mis en 

oeuvre 

> . 

Difference 


Apparition 

Repos || gp 

No 

mgr mgr 

de GIO dUU% 

< flj 

en mgr 
de GIO 

S a 

S; v 

du preeipite 
au cours de 

en £ . 0 * % Note 
heures <d 

XI XS 

1. 

66-6 

j 

66-8 

+ 02 

2 

l s /4 m. 


205 Voir dans 
; le texte la 

2. 

66-6 

} 1021 

667 

+0-1 

1 

7* "I. 


1 1 9 1 on composi- 

u 150 tionduli- 


8-8 


8-8 

± o-o 


6 m. 


1 quide de 

3. 

/ 

1 


150 lavage. 


Tableau XIV. 


Precipitation du glucinium en presence d’aluminium par 150 cc. de 
reactif guanidique a 4% et 50 cc. de tartrate d’ammonium, apres addition 

de sel potassique. 



Mis 


CO 





en oeuvre 


oO 

0 


00 

O) 

xl b/j 

No 

tu 

X 

0) 

Xf 


§•8 

§ 

i- 

cn J 

<D*C 
£ §*> 


s>2 

PS 

cO 

0 

5U 03 


3 

0 

or* 

<u c 

C jC 

0 c O 


SCis 



0 § 

N 


!>'d'd 

1. 

88-8 

102-1 

88-5 

— 0*3 

1*27 








i 

1 16 

1 200 

2. 

88-8 

102-1 

88-4 

0 

! 

2*55 j 

’ I 



Note 


Lavage a froid par un 
liquide renfermant dans 
250 cc. 150 cc . de carbonate 
de guanidine a 4%,50 cc, 
de tartrate d'ammonium et 
2*5 cc. de formaline a 40% * 


Ins tit at de Chimie analytique 
d I’Ecole Poly technique tcheque de Brno 
(Tchecoslovaquie). 
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PGLAROGRAPHIC STUDIES WITH THE DROPPING 
MERCURY KATHODE, — PART XX, — SIMULTANEOUS 
ESTIMATION OF COPPER, BISMUTH, LEAD AND CADMIUM 

by K. SUCH''!?'. 

In polarographic analysis, which — by using the dropping mer¬ 
cury kathode — allows in many instances qualitative as well as quan¬ 
titative micro-estimations of several elements simultaneously present, it 
is the aim to avoid — for the sake of simplification — as much as 
possible chemical operations. 

Thus an ideal analysis is aimed at, in which a single current-voltage 
curve would reveal all the various kations and reducible anions present 
in solution to be analyzed. 

The chief obstacle to this are coincidences of deposition potentials 
of kations, which may be removed by the additions of salts forming 
suitable complexes of various stability; 1 ) from such complexes (e. g. 
with cynides, oxalates, citrates, ammonia, hydroxyl ions) kations de¬ 
posit at the more negative kathodic potentials, the more stable the 
complex is. 

The following Table gives the deposition potentials of the chief 
kations, which occur in ordinary analysis. In the first column de¬ 
position potentials, n m , are given from solutions which are molar 
as regards the kations; these numbers are of theoretical value, as the 
deposition potential, n, of the kation from any concentration [Me n: \ 
may be calculated from them by means of the simple Nernst’s 
RT 

relationship n = n m + log e [Me" ]. From the values n m , constants 

expressing the free energy change due to the formation of complexes 2 ) 
can be calculated as well as the free energy changes due to amalgam¬ 
ation of metals. 8 ) The second column is of practical value giving 
kathodic potentials at which traces of metallic saits are deposited. 
This refers to cases in which the polarographic method is most suitably 
applied, viz. to the qualitative as well as quantitative micro-analysis. 
(The potentials are measured from the normal calomel electrode.) 
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ions depositing 


Ca" 

Li 

Mg" 

Sr" 

K 

Na 

NHt 

Ba" 

AT 

cr 

Mri' 

Fe" 

U‘ 

Co¬ 

rn" 

Zn" 

Cd " 

Sn 

Fb" 

TV 

As" 

sr 

Br 

Cu" 


Table. 

at the “molar” 
deposition potential 

' T »! 

— 2-047 

— 2-023 

— 1-996 

— 1-964 

— 1-883 

— 1-860 

— 1-787 
— T761 

— 1-660 
(-1-42) 

— 1-326 

— 1-114 

— T10 
(- 0-9) 

(- 0-7) 

— 0-865 

— 0-448 

— 0-285 

— 0-264 

— 0-151 

(- o-i) 

— 0-04 

o-oo 

+ 0-12 


at the potential .-r 
from 10— 4 n. 
concentration 

— 2-20 
— 2-26 

— 2-12 

— 2-13 

— 2T1 

— 2-04 

— 1-90 

— 1-76 

— 1-59 

— 1-48 

— 1-27 

— 1-54 

— V20 

— 1'06 
— 1-02 

— 0-59 

- 0-44 

- 0-43 

— 0-41 
(- 0-5) 

- 0-14 

— 0-10 
— 0-05 


It is interesting to note that the series of the deposition potentials 
falls naturally into the three main groups of kations according to 
the analysis with sulphuretted hydrogen: 

From -f- 0T to — 0 - 6 volt deposit kations which are also preci- ■ 
pitated as insoluble sulphides in acid solutions; from —0-7 to — 1-66 
comes the group of kations, which are precipitated only in ammo- 
niacal solutions by hydrogen sulphide, whilst kations depositing at 
kathodic potentials more negative than — V7 v. are not precipitated 
by sulphides. (An exception to this rule is thallium, the sulphide of 
which is soluble in mineral acids, so that it falls into the group of 
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zinc. The solubility of thallous hydroxide is an analogous exception*) 
in the series of the electrolytic potentials, being too great in view of 
the “noble” character of this metal.) 

Although the deposition potentials are fairly regularly distributed 
along the available decomposition voltage from 0 to 2 volts, a general 
analytical method founded merely on the polarographic analysis of 
a single solution is not practicable. Besides the coincidences, men¬ 
tioned above, there occur ions which show irregular shifts of de¬ 
position potentials with dilution, e. g. As"', Nf, Co", H', so that new 
coincidences occur at certain dilutions. Moreover the “reduction po¬ 
tentials” of-trivalent ions Fe'" and Or" interfere already at considerably 
positive potentials, which circumstance requires their previous re¬ 
duction to the lower valency stage, i. e. a new chemical operation. 
Even if this is attained, as in the case of Fe", by simple bubbling 
of hydrogen through the solution, which is the ordinary prerequisite 
in polaropraphic analysis, yet this action partly reduces copper, bismuth 
and mercury to the metallic state, thus removing their Ions from 
the solution. 

It is therefore advisable to investigate polarographically the first 
hydrogen sulphide group separately from the other two, and more¬ 
over — as it will be shown later on — even the first sulphide group 
has to be divided into the two subgroups. 



Solution 1: 17*6 ces n. HXO, + 2 ecs n. LiNO a + 0‘2 cc 0‘1 m. Bi(NO s ) 3 
» 2: added 0'1 ce O'i m. Cu(N0 3 ) a 

- i 3: » 0‘2 ce O'I m. Cu(NO s )z. Drop-time 2 secs. 


*) J, Heyrovsky: Proc. Roy. Soc. A, 102, 628 (1923). 
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The present author's chief problem*) was to find out how far 
the elements of the first group may be systematically analyzed. 

Polarographic analysis has shown 4 ) that only elements with depo¬ 
sition potentials differing at least by 0*06 v. may be distinguished, 
provided their solution is very diluted. From the first group copper, 
bismuth (and antimony) deposit from their miilimolar solution causing 
on the current-voltage curve only one “wave” (see Fig. 1), whereas 
the simultaneous presence of lead and cadmium is well shown by 
their widely distinct deposition “waves” (see Fig. 2). 



Solution 1: 17*4 ccs 0*1 n. HN0 3 + 2 ccs n. LiN0 3 + 0*2 ec 0*1 m. Cu(y0 3 ) i 
» 2: added 0*1 ec 01 m. C’d(A T 0 3 ) 2 -j- 0*1 ce 0*1 m. Pb(N0 S ) 2 

» 3: » 0*2 ce 01 m. Cd(7VO a ) 2 + 0*2 cc 0*1 m. Pb(N0 3 ) 3 . 

The separation of antimony from copper and bismuth is simply 
carried out by the yellow ammonium sulphide treatment. We thus 
have to operate chemically, before investigating our solution polaro- 
graphically, to separate from our solution the elements copper, bismuth, 
lead and cadmium into one and arsenic, antimony and tin into an¬ 
other solution. 

Let us now consider the first four elements, i. e. the subgroup of 
sulphides insoluble in the ammonium polysulphide solution. Fig. 3 
shows that a simple polarographic analysis in this subgroup would 
be possible if copper and bismuth were distinguishable. The first 
curve of this polarogram is due to a solution containing all the three 
kinds of ions, viz. Bf \ Pb" and Cd", in a miilimolar solution, well 
acidified by nitric acid to prevent hydrolysis* of bismuth nitrate; 6 ) 

*) Dissertation 1931, Charles University. 
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some fuchsine solution has been added to suppress 5 ) the maxima 
on the “waves”, and lithium nitrate introduced to keep a constant 
fair conductance of the solution. 



Solution 1: 17*2 ccs O'l n. HX0 3 + 2 ccs n. LiX0 3 -f- O'2 cc 0'1 m. Bi(X0 3 ) 3 -f 

+ 0*2 cc O'l m. Ccl(X0 3 ). 1 + 0'2 cc O'l m. Ph(X0 3 ) 3 
» 2: added O'l cc O'l m. Cu(X0 3 ) 3 

» 3: » 0'2 cc O'l m. Cu(X0 3 )« . 

The additivity of diffusion currents. The magnitude of the diffusion 
currents, i. e. “height of wave”, denoting the quantity of the reducible 
ions present, has been found to vary in a regular manner, indepen¬ 
dently of the presence of other sorts of ions, provided an indifferent 
electrolyte (e. g. LiN0 3 ) were added and the drop-time adjusted to 
be constant (here 2 sec. at zero voltage). Thus, when the sensitivity of 
galvanometer (10~ 8 amp. per mm deflexion on the photographic paper) 
was reduced by the shunt to 1/25, the height of the diffusion currents 
due to kathodic deposition of copper, lead and cadmium from their 
millimolar solutions amounted to 15—16 mms ; thus with full sensiti¬ 
vity a deposition current from a 10~ 3 m. solution would cause 
a 400 mm deflexion; therefore 10 -4 m. ionic concentrations are cha¬ 
racterized by diffusion or “saturation” currents 40 mms high. This 
agrees with former polarographic experience, according to which 
10 -4 ^-equivalents per litre cause a “wave” 4 cms high, when the 
sensitivity of the galvanometer is 5.10~ 9 amp. per mm. The diffusion 
current due to the deposition of bismuth from a 10 -3 m. ionic con¬ 
centration is, however, by 50°/ 0 higher, viz. 24 mms with 1/25 sensi¬ 
tivity (see Fig. 1 and 3): This is, of course, due to the trivalency 
of Bi" ions, the gram-ion of which requires for the deposition an 
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amount of 3 Faradays of electricity against 2 F necessary for Cv'\ 
Pb" or Gd" ions. 

Another factor of the magnitude of the diffusion current is the 
diffusion coefficient of reducible ions. The fact that all the diffusion 
currents due to the deposition of copper, lead and cadmium from 
equivalent concentrations of their simple salt solutions are equally 
great, indicates that the diffusion coefficients of their ions are practi¬ 
cally equal. The diffusion velocity of bismuth ions must also be equal 
to that of the above named divalent ions since the diffusion current 
due to equal molar concentrations of salts of bismuth and e. g. lead 
are in the ratio of 3:2. The precision of this determination is not 
great, yet lies within 5°/ 0 of the value of the current; this gives also 
the limit of precision of the quantitative estimation, which is equally 
± 2 - 5% of the total absolute amount of the kind of reducible matter. 
Figs. 1, 2 and 3 show also the independence of the magnitude of 
the diffusion currents as well as of the deposition potentials from 
each other, i. e. the strictly additive nature of polarographic characte¬ 
ristics in mixtures. 

It must be borne in mind that the diffusion currents here encount¬ 
ered have nothing to do with the ionic mobility, which would depend 
on the drop of potential accross the solution, i. e. also on the applied 
voltage. In the presence of a great excess of the indifferent electrolyte 
(O’l n. LiN0 3 and OT n. HN0 3 against the miilimolar concentrations 
of reducible ions) practically the whole current is transferred by the 
ions of the indifferent electrolyte and only a very small part is carried 
by the reducible kations. 

Nor plays the velocity of adsorption of the reducible ions any 
role here, since the very adsorbable fuchsine molecules fill up the 
adsorption volume of the interface before any metallic ion may adsorb 
there. The “saturation” currents observable on the curves here de¬ 
scribed are therefore pure diffusion currents, in which the rate of 
diffusion of the reducible ions is just equal to the rate of ions 
deposited. 

The separation of bismuth from copper. As pointed out above, 
the coincidences in the deposition of copper, antimony and bismuth 
on one side and arsenic, tin and lead on the other compelled us to sepa¬ 
rate these elements by the yellow ammonium sulphide treatment, so that 
the only coincidence in the first subgroup remained that of copper 
and bismuth. 

Here it must be reminded that the other two frequently occurring 
elements in this subgroup, i. e. mercury and silver cannot be followed 
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polarographically from their simple salt solutions, since they deposit 
at considerably positive potentials. Silver ions would deposit spontan¬ 
eously by mere contact with mercury, moreover they would be 
reduced by the passage of hydrogen through the solution. 

Traces of mercury in solutions investigated by the polarographic 
method would analytically mean nothing certain, as the mercury may 
come into solution either by direct contact or through spontaneous 
deposition of some nobler element. 

The ways how to resolve a composed “wave”, like that due to 
simultaneous deposition of copper and bismuth, in order to estimate 
its components would be either to precipitate one component leaving 
the other in solution, or to change both components into complex 
compounds, the deposition potential of which would differ sufficiently 
to distinguish the two deposition “waves”. When using the first way, 
viz. the precipitation, there is danger that the precipitate absorbs 
some part of the component in solution; therefore this method has 
to be as much as possible avoided. The precipitation of bismuth by 
ammonia would be an instance of this. However, a suitable agent 
has been found in the other direction by applying complexes with 
citric and tartaric acid, in which case no precipitation occurs. 



Solution 1: 9*9 ccs 0‘5 n. NaOH + 9 - 9 ccs 0*5 m. tartaric acid + 0*2 cu 0.1 m. Jii(NO^) s 
» 2: added 0-1 ce 0'1 m. Cu(NO ,)* 

» 3: » 0'2 cc O'l m. Cu{N0^),. 

First an acidic solution has been tried, made by mixing 9'9 ccs 
of 0‘5n. NaOH and 9'9 ccs of 0'5 in. tartaric acid, and this mixture 
freed from air by bubbling hydrogen through it for 80 min.; to this 
solution now 0T m. Bi(N0 3 ) 8 or 0T m. Cu{N0 3 ) 2 or a mixture of 



361 


these solutions was dropped to, also freed from atmospheric oxygen. 
The results showed at once that a resolution of the waves is possible, 
the deposition of bismuth being by ca. 100 millivolts shifted to more 
negative potentials than that of copper. This is illustrated by Fig. 4. 

A similar result was obtained, when instead of tartaric acid 0*5 m. 
citric acid has been used; also here the resolution is effected (Fig. 5). 



Solution 1 : 9*9 ccs 0*5 n. NaOS4- 9*9 ccs 0 - 5 m. citric acid + 0'2 cc 0 - l m. Cu(X0 3 ) , 
» 2: added 0‘1 cc 0*1 m. Bi(XO,)~ 

» 3: » 0*2 cc 0’1 m. Bi(X0 3 ) 3 . 

Next alkaline solutions were tried of the composition similar to 
the Fehling and Nylander reagents. Polarogram Fig. 6 is given 



Solution: 9*3 ccs 10% Z-2Va-tartrate in 0*5 n. NaOH + 9*8 ccs H 2 0 -j- 

+ 0*2 cc 0*1 m. Bi(NO s ) 3 + 0*2 cc 0*1 m. C'n(A r 0 3 ) a . 
(Curve repeated three times.) 
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as an example of this. The solution contained 9*8 ccs of an alkaline 
solution of Seignette salt (10*5 grs of potassium-sodium tartrate 
in 100 ccs of 0*5 n. NaOH), 9*8 ccs of water, 0*2 cc of OT m. £i(NO s ) s 
and 0*2 or of 0T m. of Cu{N0 3 ) 2 . The degree of complexity is here 
much higher, since both the deposition potentials are considerably 
negative and that of bismuth becomes now replaced even by 200 
millivolts more to the right than the deposition of copper. 

It remained now to be investigated how far the other two depo¬ 
sitions, viz. that of lead and of cadmium, are affected by the reagents, 
in which the deposition of copper and bismuth occurs separately. 
Fortunately the deposition potentials of both lead and cadmium are 
shifted by the same amount as that of copper, so that all four de¬ 
positions can be followed on one curve well distinguished from 
each other. 

Fig. 7 shows the four “waves” due to the deposition of the four 
elements from the first subgroup of sulphides in an acidic solution 
of citric acid (9*6 ccs 0 5 m. citric acid, 9*6 ccs 0*5 n. NaOH with 0 2 cc 
of 0*1 m. Bi{NO s ) & , OT m. Cu(NO a ) 2 , 0*1 m. Pb(NO s ) 2 , 0*1 m. Cd(NO a ). 2 ). 



Solution 9*6 ccs 0*5 m. citric acid + 9'6 ccs 0*5 n. XaOII + 0*2 cc of 0*1 m.: 

Bi(X 0 3 )., Cu(X0 ? y,, PI,(X 0 3 ) 3 , C<1(X0 3 ),. _ 

^j y.nrvp rpnAaie ^ -Yrrir-’ITffffT) — - . 

Still more separated are the deposition potentials on curves obtain¬ 
ed from the mixtures in alkaline solutions. Fig. 8 was obtained 
under the most suitable conditions found in this investigation, viz. 
by electrolyzing a solution containing the millimolar concentrations 
of nitrates of bismuth, copper, lead and cadmium in a 9% solution 
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of Seignette sail. This solution is, of course, owing to hydrolysis 
of the tartrate, slightly alkaline. The potential of the mercury anode 
is in this solution about the same as that of a calomel electrode; 
this means that traces of copper deposit at the kathodic potential of 
— QT4 v., bismuth at — 0‘34 v., lead at — 0'60 v., cadmium at — 0'80 v. 
from the potential of the normal calomel electrode. This arrangement 
has also the advantage that hydrogen does not, during bubbling, 
reduce the very complex copper or bismuth ions to metals, as it is 
the case with ordinary chlorides. 


2 V:\Qxokovyi-. 


O'OOI /m>. Ca 5* (Wtyst fafaty/lz, fd 0Q) Z : 



/T t 




Fig. 8. 

Solution: 1Q*6 ccs 9“/o Seignette-salt + 0’2cc of 01 m.: 
Bi(XO z ) s , CuiXOth, mXO,h, Cd(XO a ) t . 

(Curve repeated three times.) 


The procedure may now be applied for qualitative and quantitative 
microanalysis of metals included in the analytical group of sulphides, 
which are precipitated from acidic solution but remain insoluble in 
the yellow ammonium sulphide solution. Silver and mercury has to 
be removed beforehand by a chloride solution. The solution of 
sulphides in nitric acid is neutralized by alkali hydroxide or carbo¬ 
nate and 10% of potassium-sodium tartrate is added; the solution 
is then freed from atmospheric oxygen and electrolyzed. It is advan¬ 
tageous to have the solution diluted by the 10% Seignette salt so 
as to keep the constituents in a smaller concentration than 10 -3 molar 
and use great sensitivity of galvanometer. For this aim it is suitable 
to drop the fairly concentrated solution of nitrates from a burette to 
the 10% Seignette salt solution until the waves appear distinctly 
enough to be measured as to their deposition potential and height 
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Thus traces of 10~ 5 gr.-eq. per litre can be estimated, 2 ccs of the 
solution being sufficient to carry out the electrolysis which may be 
repeated any number of times; this means 0’0006 milligram of Gu, 
0’0014 mgr of Bi, 0'0020 mgr of Pb, 0UQI2 mgr of Cd in the 2 ccs 
of solution. If the amount of the less noble constituents increase in 
this series {Cu<iBi<P'b<.Cd) analysis may be carried out, whatever 
be the relative proportions of concentrations; if, however the nobler 
constituents in this series prevail, e. g. Gu over Bi, Pb, Cd, the less 
noble constituents cannot be estimated, unless they amount to more 
than 2% of the nobler constituents. 

Attempts of a systematic analysis in the second subgroup, viz. 
that of arsenic, antimony and tin, have already been started by 
K. Kacirkova 5 ) and pursued by the present author. It has been 
ascertained that the combinations Sb and As, Sb and Sn, are easily 
analyzed polarographically from solutions acidified with hydrochloric 
acid (Fig. 9, 10), yet that the simultaneous presence of tin and 
arsenic does not allow to distinguish them, this being caused by the 
irreversible character of the first stage of electro-reduction of arsenic 5 ) 
(viz. to the metallic state). A suitable agent, which would allow to di¬ 
stinguish polarographic waves obtained in the presence of all the 
three elements of this group, has to be sought for. 



Solution: 11 ccs B a 0 + 2 ccs 5 n. SCI -j- 2 ccs m. BaCl a -f- 2 ccs 0*01 m. As a 0 3 + 

+ 2 ccs 0*01 m. SbCl j -f-1 ec sol. of fuchsine.. 
(Curve three times repeated.) 



365 



Solution : 10 ccs ILO -f- 2 ccs 5 n. HCl + 2 ccs m. BaCl, — 2 ccs 0'1 m.- ShC% + 

+ 2 ccs O'l m. SnCl 3 -+- 2 ccs so!, of fuchsine 

(Curve three times repeated.) 

Finally, it may be mentioned that these investigations are based 
on the study of 120 polarograms, each with three curves, the re¬ 
search having been extended over a period of two Sessions. 

The author is obliged to Professor J. Heyrovsky under whose 
guidance these experiments have been carried out. 

Received May 28th, 1931. The Physico-chemical Institute, 

Charles' University, 
Prague. 


Summary. 

In the search of a systematic simple polarographic analysis, by 
which as many as possible elements could be estimated qualitatively 
and quantitatively from one current-voltage curve, the author has 
found possible to estimate the elements of the first analytical sub¬ 
group of copper, bismuth, lead and cadmium. 

The solution of these sulphides in nitric acid has to be neutral¬ 
ized by alkali and 10% of potassium-sodium-tartrate added; after driv¬ 
ing out atmospheric oxygen in the usual polarographic manner, the 
solution is electrolyzed with the dropping mercury kathode arrange¬ 
ment. Thus obtained current-voltage curves show the presence of 
the elements by “waves” at the kathodic potentials of: Cu — 0‘14 v., 
Bi — 034 v., Pb — 0'60 v., Cd — 0’80 v. from the calomel zero. The 
tartrate complexes remove the coincidence of the simultaneous depos¬ 
ition of copper and bismuth; similarly act citrates. 


3 






It is advantageous to use solutions less concentrated than milli- 
normal. Traces of the above named elements down to 10~ 5 ^.-equi¬ 
valents per litre can be estimated, 2 ccs of the solution being sufficient. 
If the amounts increase in the series Cu < Bi < Pb < Cd, any pro¬ 
portion may be estimated; if the nobler elements prevail, the less noble 
can be determined only if they constitute more than 2°/ 0 of the nobler 
ones. The precision of absolute estimation of each component is 
about 5%. 
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SYNTHESE DU 2. il-DIMETHYLDODECANE 
ET DU 2.19-DIMETHYLEICOSANE 

par S. LANDA et A. KEJVAN. 


Dans le present travail, nous tachons encore de remplir les lacu- 
nes existant dans la serie des paraffines superieures solides, et cela 
par la preparation d’hydrocarbures qui, a la difference de ceux de- 
crits dans notre memoire anterieur, 1 ) presentent une ramification 
a l’un et l’autre bouts de la chaine carbonee. 

Le precede de preparation etait analogue a ceiui employe pour 
l’obtention de i’isooctododecane et de 1’isotetracosane. Parti cette 
fois-ci des acides bibasiques, nous les avons transformes de la faqon 
suivante-. 


CO,H(CH 2 ) tt CO,H 


C0 2 C»IUCH 2 ) a C0»C»H B 




CH 


"f 




OIl/C{CH. 2 )„C/OH 
CH/ 'CH 


/nu s -IH JL 


\ 


CH,^=C(CH/C=CH, 

CH S CH S 

( CH> C = CH(CH/-/=CH t 
CH S 


CH S \ 
CH S ' 


CH(CHo) n CH<^ 


Tout comme chez les acides monobasiques, le bromure de methyl- 
magnesium reagissait tumultueusement avec I’ether du biacide mis en 
oeuvre. Nous avons egalement pu cons tat er que les olefines a chaine 
ramifiee aux deux bouts se Iaissent aisement separer, au moyen 
d’alcooi-ether, de l’hydrocafbure sature. 


3 * 
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Partie exp6rimentale. 


2.1t-Dimethyldodecane-diol. 

cm\ /cn, 

HO-)C(CH.J)s. C(-0H 
CH/ \ GH , 

Notre matiere premiere eiait l’acide sebacique que nous prepa- 
rions a partir de l’huiie de ricin suivant les indications de Witt. 2 ) 
Toutefois, la technique de cet auteur n’etait pas suffisamment mise 
au point pour nous donner satisfaction, car elle ne donnait qu’un ren- 
dement de 10% environ d’acide sebacique. Comme il nous fallait 
operer avec 1 kg environ de cette matiere premiere, nous nous som- 
mes efforces d’ameliorer le rendement. Nous avons, en effet, reussi 
a l’elever a 20%, et cela en procedant comme suit: 

Dans une capsule en porcelaine on melange 1 kg d’huile de ricin 
et 2 kg de soude caustique a 40%. Le savon solide est ensuite 
repandu sur du papier a filtrer pour qu’il desseche au contact de 
l’air. Un tiers du savon ainsi seche est mis, avec 200 gr de potasse 
en grains, dans un ballon de 5 litres de capacite, dont la moitie 
superieure est isolee a 1’aide d’une ficelle d’amiante. On commence 
par chauffer a petite flamme. Des que le savon est devenu mou, on 
renforce le feu de maniere telle que non seulement le fond du ballon, 
mais encore ses parois, se trouvent leches par les flammes, en evitant 
toutefois de porter au rouge le fond du ballon. 

Aussitot qu’on observe un degagement de vapeurs d’alcool capry- 
lique, on melange le contenu du ballon par une tige en fer, et on 
applique le refrigerant Toutes les 20 minutes, on ecarte les bruleurs, 
et l’on melange de la maniere indiquee. Vers la fin, il ne passe plus 
que peu d’alcool caprylique, de sorte que, pour ne pas torrefier la 
masse, on fait mieux d’operer sans refrigerant, tout simplement dans 
une hotte a bon tirage. 

Cette disposition permet de bien observer la couleur de la masse 
reactionnelle: aussitot qu’elle a tendance a devenir brune, on retire les 
bruleurs et, au besoin, on refroidit les parois exterieures du vase. La 
masse ne doit jamais noircir, car dans ce cas le rendement en acide 
sebacique s’en trouve affecte, sans parler des difficulty que presente 
alors la purification du produit. La masse reactionnelle est enfin dis- 
soute dans l’eau et additionnee d’acide chlorhydrique brut. 11 se s6pare 
de l’acide sebacique presque blanc qu’on purifie par cristallisation 
reiteree dans l’eau bouillante. 
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130 gr d’efher ethylique d'acide. sebacique (% mol), passant entre 
172 et 173° sous 10 mm de mercure, dissous dans un demi-litre environ 
d’ether absolu, sont ajoutes par gouttes a une solution de bromure de 
methylmagnesium preparee a partlr de lOOgr de magnesium metailique 
(quantile theorique: 48-6.gr). On refroidit, surlout au debut, par de la 
glace. La reaction terminee, on chasse une partie du soivant par distil¬ 
lation, on ajoute, toujours en refroidissant energiquementpar de la glace, 
d’abord de l’eau, puis de l’acide sulfurique dilue (1:5). La solution 
debarrassee de son ether par distillation, abandonne le glycol forme. 
Malgre 1’exces (presque double de la quantite theorique) de magnesien, 
presque 21% d’ether sebacique echappent a la reaction. Apres 1’avoir 
elimine par de ia potasse alcoolique, on obiient 70 gr de glycol qui reste 
a l’etat liquide meme a 10° au-dessous de zero. 

2.11-Dimethyldodecadiene. 

Lorsqu’on distillait le dodecane-diol sous 100 mm de mercure, le 
produit passait a 169° et ne renfermait, d’apres la determination de Tin- 
dice d’iode, que 57-2% de diolefine. L’augmentation de la pression 
a 200 mm de mercure n’ayant pas suffi pour obtenir une deshydration 
integrate, nous avons decide d’operer la distillation sous la pression 
atmospherique. 

Dans ces conditions (a 760 mm de mercure) le produit de reaction 
passait entre 239 et 241°. II formait un liquide incolore, ne se prenant 
pas a 10° au-dessous de zero. Sa densite etait de 0-8107. 

Rendement: 60 gr. 

Indice d’iode: Trouv6.. 257-5. 

Calcule pour C U H 2 6 261-4. 

Analyse elementaire: 

Substance: 0-1649 gr, C0 2 0-5223 gr, H 2 0 0i98Qgr. 

C U H W : Trouve C 86-38%, H 13-35%. 

Calcule G 86-45%, H 13-54%. 

Ainsi que le fait voir le schema page 367 le 2. ll-dimethyldod€cane- 
diol peut donner naissance a 3 diolefines qui sont: le 2.11-dimethyl- 
doddcadierie 2.10, le 2.11-dimethyldodecadiene 1.11, le 2.11-dimethyl- 
dodecadiene 1.10. L’allure de la distillation ne permettait pas de 
conclure a la presence de plusieurs isomeres, car le point d’dbullition 
etait assez net. 

La question de savoir lequel des isomeres possibles a pris 
naissance est compliquee. Nous avons essaye d’y repondre en sou- 
mettant notre produit a une scission par oxydation chromique. 
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Oxydation chromique. — La dose d’acide chromique a ete choisie 
de maniere a pousser "oxydation jusqu’a la formation d’acides (50 gr 
de Gt-O s dans 300 cc. d’acide acetique anhydre pour 30 gr de diolefine). 

L’oxydation est facile, le liquide entre spontanement en ebullition. 
Parmi Ies produits nous avons pu saisir I’acetone, 1’oxyde de carbone. 
Ie gaz carbonique, et une fraction huileuse. 

La mise en Evidence de l’acetone prouve la presence d’une des 
olefines isomeres a double liaison sur la chaine principale, soit du 
diene 2.10, soit du diene 1.10: 


C rS\>^CH(CH 2 ) 0 CH-=C<cffl — 

^\>C=CH{CII,) a CH,0=GH 2 — 

CH Z 


2 CHS* 00 + CMOH&CO# 

°Qtf>C0 + C0 2 H(CH 2 ) 7 G0 2 H 
ou C0 2 H{CH 2 ) q C0 2 H 


■ Le rendement en acetone ne depassait pas quelques diziemes de 
pourcent. 

II est interessant que malgre le grand exces d’acide chromique 
le % de la diolefine soit reste inattaque. Apres l’£cartement de 1’acide 
acetique par la vapeur d’eau, il restait une huile epaisse verte qui 
a ete debarrassee des sels de chrome par ebullition avec de l’acide 
chlorhydrique etendu. Elle s’est dissoute integralement dans une 
solution diluee de carbonate de potassium. La solution limpide a separe 
par acidification une huile jaunaire qui a ete dessechee d’abord, puis 
distillee dans Ie vide. Le distillat incolore ne se solidifiait pas a —15°. 
Vu que ce produit etait forme par un acide et que les acides satures 
a point d’ebullition si eleve sont solides, nous avons ete amends 
a penser qu’il s’agit la d’un acide incomplet. C’est ce que la determina¬ 
tion de Pindice d’iode a confirme. 

Indice d’iode (Hanus): 


Trouve 134 - 5. 

Calcule pour G u H 20 O 2 137'8, pour C^IL^O* 128'2. 

Nous avons, de plus, prepare le sel d’argent. En void l’analyse: 
Substance: 01 866 gr, Ag 0’0630 gr. 

Trouve Ag 33*7°/ 0 . 

Calcule pour C u Hi Q 0oAg 36 - 82°/ 0 . 

Ci 2 H. 21 0. 2 Ag 34-24%. 

Etant donne que nous n’avons pu purifier notre acide par cris- 
tallisation, et que sa quantite peu considerable ne permettait pas sa 
rectification, nous l’avons sounds a I’oxydation nitrique: A l’acide 
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incomplet on ajoutait avec precaution (refroidissement ei agitation 
energique) de l'acide azotique dilue. Apres cela, le liquide a ete con¬ 
centre au bain-marie. II separa des cristaux qui, apres piusieurs re- 
cristallisations dans 1’eau, fondaient constamment a 133°, ce qui est 
le point de fusion de l’acide sebacique. 

Titrage: 

Substance: 0 2588 gr, consommation de NaOH n[ 10 26'2 cc. 

Poids moleculaire trouve . . . 197 7. 

» ■> de C 10 fii 8 0 4 202-14. 

Sel d’argent: 

Substance: 0*3692gr, Ay 0-1912gr. 

C' 10 fii 6 O 4 Ay 2 : Calcule Ay 51-88%. 

Trouve Ay 51-79%. 

La formation de l’acide sebacique dans l’oxydation du produit 
denote la presence de l’acide 2-methyl-undecene-l- o'ique, et cet acide 
celle du 2.11-dimethyldodecadiene-l .11. 

Oxydation nitrique. — L’oxydation directe de la diolefine par 
l’acide azotique tres dilue, suivant le procede signale plus haut, donne, 
elle aussi, de l’acide sebacique, et cela avec un tres bon rendement. 

Oxydation au permanganate. — Elle a ete effectuee en milieu 
alcalin: A 20 gr de diolefine on ajoutait a froid une solution saturee 
de KMnOi jusqu’a ce que 1’hydrocarbure fut entre en solution et la 
teinte du permanganate persistat. 

Une partie du liquide obtenu a ete distillee, le distillat renfermait 
de l’acetone. 

Apres 1’expulsion de la totalite de Pacetone, on introduisit du gaz 
sulfureux jusqu’a decoloration. II s’est separe une huile legere (12gr 
environ) insoluble dans le carbonate de potassium, mais fournissant 
avec une solution saturee de sulfite acide de sodium de beaux cris¬ 
taux d’un compose d’addition duquel une solution de potasse car- 
bonatee mettait en liberie une huile distillant entre 252 et 257° sous 
30 mm de mercure. Le produit reagissait avec la ph£nylhydrazine 
sans toutefois donner de produit cristallise. 

L’oxydation nitrique a donne un melange de biacides parmi Ies- 
quels seul l’acide sebacique a pu etre identifie. C’est que la separation 
des biacides est fort difficile si i’on ne dispose que de peu de matiere. 

La formation d’une quantite considerable d’acide sebacique dans 
l’oxydation soil directe de 1’hydrocarbure, soit en passant par l’acide 



incomplet ou par la cetone, fait voir que la deshydratation du 2 . 11 - 
dimethyldodecane-diol engendre principalement le 2.11-dimethyl- 
dodecadiene-1.11, tandis que les autres isomeres possibles ne sauraient 
se former qu’en traces. 

Voici la viscosite absolue dti 2.11-dimethyklodecadiene aux 
diverse* temperatures: 


Temperature Poids specifique Viscosite absolue 

0° ...... 0-8220.0-03095 gr, cm sec 1 

10°. 0-8148 ...... 0-02240 

20°. 0-8066.0-01727 * 

30°. 0-7992.0-01418 

40". 0-7932 0-01195 

50°. 0-7869 0-01019 * 

60'-. 0-7798.0-00894 >■ 

70°. 0-7725.0-00785 * 

80°. 0-7653.0-00700 

90 n . 0-7581 0-00626 > 

99". 0-7437 0-00558 


Le produit fixe rapidement le bronie en dormant un tetrabromure, 
ainsi que le fait voir 1’analyse: 

Substance: 0'2438 gr, At/Br 0-3651 gr. 

C u H. M Br t : Calcule Br 62-22%. 

Trouve Br 63-61%. 

A la distillation, meme sous vide, il y a perte d’acide bromhydrique. 


2.11-Dim6thyldodecane. 

11 a 6te obtenu par hydrogenation des dioldfines correspondantes 
a la temperature ordinaire, en milieu ether6, avec emploi de uoir 
de platine comme catalyseur. Nous avons egalement essay£ d’operer 
l’hydrog£nation en phase liquide au ntoyen de nickel, mais la fixation 
d’hydrogene n’etait ici que fort lente: au cours de 50 heures 30% 
ont subi l’hydrogdnation, tandis qu’avec le noir de platine la reaction 
6tait terming en 9 heures. 25 gr de diolefine ont consomme 4-5 litres 
d’hydrogene. 

Apres l’ecartement du solvant par distillation il restait un liquide 
incolore, passant h 117° sous 13 mm de mercure. 
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Analyse elementalre: 

Substance: 0-1727.gr, C0 2 Q’5366 gr, H»0 0'2357 gr. 
C U IL SI : Trouve C 84"74%, H 15'16%. 

Calcule C 84*75°/ 0 , H 1025%. 

Void inaintenant les proprietes du 2.11-dimethyldodecane: 
Point de solidification — 8-5°. 

Viscosite aux diverses temperatures: 


Temperature 

Poids specifique 

Viscosite absolue 

0 « 

0-7820 

0-02608 

10° 

0-7751 

0-01945 

15° 

07721 

— 

20° 

0-7691 

0-01549 

30° 

0-7622 

0-01205 

40° 

0-7553 

0-01021 

50° 

0-7484 

0-00854 

60° 

0-7415 

0-00724 

70° 

0-7345 

0-00632 

80° 

0-7276 

0-00554 

90° 

0*7207 

0-00492 

99° 

0-7138 

0-00439 


Refraction et dispersion: 

»f» = 1-42816, nf 83 = 1-43023, »»«» = 1-43665, nf 63 = 1-44033. 


. 

% 

M d 


% - K 

C uffjjo ’• Trouv6 

66-53 

66-88 

1-13 

1-63 

Calcule 

66-55 

66-84 

103 

1 66 


Chaleur de combustion a volume constant 10797 cal. D’ou la 
chaleur mol£culaire ft volume constant 2140 cal. 

II. 

2.19-Dimeihyleicosane. 

Nous partions ici de l’ether diethylique de l’acide «-hexad6cane- 
dioique que nous pr6parions par electrolyse de l’6ther ethylo-potassique 
de l’acide s6bacique: 

C 2 Hf,0. CO. (07J») S • COOK — C,H r ,0 . CO . (Ctf 2 ) 1G . GO. 0G,H,. 



Nous avons essaye d’obtenir le dit ether ethylopotassique, d’une 
part, suivant la methode decrite par E. Fourneau et S abet ay,") 
d’autre part, suivant le procede Crum, Brown et Walker: 1 ) Ce 
dernier nous a donne de meilleurs resultats. Le premier procede n’a 
fourni, en effet, que 4-2 p. d’ether diethylique d’acide whexadecaiie- 
dioi'que pour 100 p. d’ether d’acide sebacique, alors que le second 
en donuait 11%, c’est-a-dire presque le triple. Les rcndements s’en- 
tendent sans tenir compte de l’acide sebacique regen£r£. 

2.19- DimethyIeicosane-diol. 

OIL,,. /OIL, 

no 74) H ;C': oii 

OIL/ 'HIH, 

Sa preparation est analogue a celle du dimethyldod^cane-diol. 
Bien que le magnesien ait ete employe en quantite double de la 
theorie, 7% d’ether initial ont echappe a la reaction. 

Apres le dedoublement par I’eau et I’acide sulfurique, le glycol 
forme s’est separe a l’6tat cristallise, mais, chose curieuse, plus tard 
il n’a plus £te possible de le faire cristalliser. 

2.19- Dimethyleicosadienes. 

La d'eshydratation du dimethyleicosane-diol s’effectue plus facilement 
que celle du dimethyldodecane-diol. En effet, la totalite de l’eau 
reactionnelle se detache en une seule distillation sous 158 mm 
de mercure. 

Le produit form£ passe, sans residu, entre 264 et 266 °. 

Indice d'iode: 

Substance O’1626 or Trouv6 171'6. 

Calculi 165-7. 

Analyse elSmentaire: 

Substance: 0-1644 gr, CO* 0*5179 gr, Il A 0 0 * 2062 gr. 

Trouve C 85 - 91 %, II 13-92%. 

Calcule 0 86-18%, H 13*82%. 

Le produit constitue un liquide de poids spScifique 0*8201 & 15°, 
incolore, pr^sentant une fluorescence bleuatre; le point de solidifi¬ 
cation est a 0°. Sous 21 mm de mercure, le corps distille entre 239-5 
et 240-5°. 
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Viscosite aux diverses temperatures: 


Temperature 

Poids specifique 

Viscosite absolue 

10 ft 

' 0-8245 

0-05438 

20° 

0-8177 

0-03972 

30° 

0-8110 

0-03015 

40° 

0-8043 

0-02372 

50° 

0-7976 

0-01920 

60° 

0-7909 

001576 

70° 

0-7832 

0-01318 

80° 

07764 

0-01124 

90° 

0-7696 

0-00972 

99° 

0-7636 

0-00871 


Scission da diene. — Eile a ete effectuee pour elucider la nature 
du produit, 6tant donne que la deshydratation du 2.19-dim6thyl- 
eicosane-diol peut fournir 3 dienes isomeres. Pour operer l’oxydation, 
nous nous sommes adresses a l’acide chromique: 

A 20 gr de diolefine dissous dans 200 cc. d'acide acetique anhydre 
et portSs h l’ebullition, on introduisait par gouttes 80 gr de CrO s 
dans 500 cc. de meme acide acetique, c’est-a-dire presque 5 fois la 
quantite necessaire pour atteindre la scission en acides. Les produits 
volatils etaient recueillis, d’une part, dans une solution de sulfite acide 
de sodium, d’autre part, sur l’eau. 

Les produits suivants ont £te saisis: 

L’acetone, l’oxyde de carbone, l’anhydride carbonique, des biacides. 
Ces derniers se sont deposes par refroidissement de la solution acdtique 
sous forme d’une masse friable coloree en vert par les sels de chrome. 
Pour se d€barrasser de ces derniers, elle a ete successivement extraite par 
11 Cl etendu, dissoute dans K»CO s , puis reprecipitee par IICl, et ces 
operations ont et€ reit6rees jusqu’a disparition de la teinte verte. La re- 
cristallisation dans l’alcool et I’acetonea fourni des cristaux fusibles k 110°. 

Ce point de fusion restait presque fixe, mais le microscope n’en 
revelait pas moins la presence de deux sortes de cristaux. Dans lather 
et le benzene froids le produit etait difficilement soluble, ce qui est 
caracteristique de l’acide octadecane-dio'ique. Par des cristallisations 
repetees dans le benzene bouillant le point de fusion s’est enfin 
elev6 jusqu’^ 115—118°, ce qui correspond au dit biacide (118°). 

Analyse: 

Substance: 0‘1416^ r r, consommation de NaOH nj 10 89 cc. 

Poids moleculaire trouve . . . 318 - 2. 

„ „ de C l& H u O, 314-37. 
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La deshydratation du diol initial fournit done au nioins deux 
2.19-dimethyleicosadi£nes isomeriques. 

2.19-Dimethyleicosaue. 

OIL, ' 11 11 OIL, 

11 a ete obtenu en hydrogenant les 2.19-dimethyleicosadienes 
par 1’hydrogene de pression ordinaire en presence de noir de platine 
comme catalyseur. La fixation d’hydrogene ne s’effectuait que fort 
lentement et n’etait pas quantitative. A en juger par 1’indice d’iode, 
17% de diolefine ont echappe a l’hydrogenation et ont resiste meme 
apres reactivation du catalyseur. Nous avons done 6t6 obliges de 
separer la diolefine et la paraffine de la maniere decrite anterieurement> 
e’est-a-dire par dissolution dans un melange de 2 p. d’ether et 1 p. 
d’alcool et refroidissement mod£re. II se separait de menus cristaux 
dont l’indice d’iode n’etait plus que 6'6. En repetant cette operation 
on a fini par obtenir la paraffine pure, exempte d’ol4fine. 

Recristallise dans le benzene, le produit fondait a 41°. 

Analyse elementaire: 

Substance: 0i540 gr, CO, 04803 gr, 11,0 02033 gr. 

C,Ca, K \ Trouve C 85-05%, II 1476%. 

Calcule C 85‘06%, H 14-94%. 

Voici encore quelques constantes du corps: 

Temperature Poids specifique Viscosite absolue 

41° 07816 0-03535 cm~\ gr, sec 1 

50° 0-7757 0-02811 

60° 07691 002245 

70° 0-7626 0-01819 

80° 0-7561 0-01512 

90° 07496 0-01267 

Chaleur specifique a volume constant 10.770 cal., d’oii chaleur spe¬ 
cifique mol6culaire a volume constant 3.333 cal. 

lastitut des Combustibles 
d I’Ecole Polytechnique tcheque de Prague 
(Tchecoslovaquie). 

Bibliographie: 

l ) Collection 1930, II, 520. a ) Bcr. 7, 220. 

3 ) Bull. Soc. Chim. 1930, 45, 834. ') Annalen 261, 123. 




NEW BOOKS, 


A, H a m s i k: I6karsk& chemfe. Ufieboice pro mediky a pfirticka pro 
lekafe. Praktikum. (Medical Chemistry. A text-book for medical students and 
a manual for physicians. A laboratory ■guide.) Edited with support of the Czecho¬ 
slovak Ministry of public instruction. Prague 1931, pp. 359 Kc 85*—. 

Professor Hamsik’s book is the first laboratory manual for medical students 
printed in Czech language. It differs from the many known foreign text-books of 
similar type considerably in several respects, especially as to the division, the 
extent and the selection of suitable parts of the subject. The manuals for medical 
students are confined generally to the description of simple qualitative analysis,, 
of the main methods of volumetric analysis, of the reactions on important organic 
compounds and of the most current chemico-physiological investigations. Hamsikks 
text-book has apparently a wider scope, containing besides the above mentioned 
parts two more chapters, one on the forensic chemistry and the other on the 
chemistry of foods. The methods described in these chapters are, it is true, of 
minor importance for a medical student or a physician, but it is very important, 
especially for an official physician, that he should be informed about them. 

In dealing with the inorganic, organic and physiologico-chemical parts of the 
subject the author was lead mainly by requirements of a clinical chemical labor¬ 
atory. In the Inorganic part qualitative and quantitative analysis (volumetric and 
gravimetric) is treated. In the gravimetric part besides the main rules of weighing 
on a macro-, as well as on a micro-balance several simpler instances of gravi¬ 
metric analysis are given. This introduction to gravimetric analysis, which is some¬ 
times neglected in instructing medical students, is very valuable for a medical 
man, because the knowledge of the principles of gravimetric analysis is indispens¬ 
able in many clinical investigations. With equal respect to clinical practice there 
are described in this part of the book also various physico-chemical methods 
often applied by a physician, as colorimetry, nephelometry, refractometry, electro¬ 
chemical methods, etc. 

In the physiological part the subject is treated very fully. There are mentioned 
methods of testing on and estimating substances occurring under normal and 
pathological conditions in materials from animal bodies. This part is divided Into 
chapters dealing with animal ashes, blood, cerebrospinal fluid, transsudations and 
exsudatlons, contents of stomach and of duodenum, gall, stool and urine. 

Here the author has succeeded within a comparatively narrow compass to 
exhaust the subject fully. This was made possible by a careful and critical choice 
of the most reliable methods and by a concise and clear exposition. Professor 
Ha ms ik’s book is thus not only a text-book of practical chemistry for medical 
students, but also a very complete and trustworthy manual for physicians and 
clinical laboratories. O. Wagner. 
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J. Milbauer and F. Slavik: NerostnS siiroviny, jfch liprava a zpracov&ni. 
(Mineral raw materials, their dressing and working up.) Chemicka technologic, 
vol L, No 4 Published by the Ceskoslovenska spolecnost chemicka . Editor prof, 
ini; Jos. Haims. Praha 1929. Pp. 349, 73 figs. — 

This is the fourth volume of the first (inorganic) division of the great Chemical 
Technology edited by the Czechoslovak Chemical Society. 

In the preface the authors emphasize the appropriateness of treating the 
subject indicated in the title in a separate volume, because the mineral raw ma¬ 
terials and their properties are generally dealt with only inadequately within the 
compass of an inorganic chemical technology. The special technology of inorganic 
chemicals is therefore deferred to another volume in which the knowledge of 
the properties of natural raw materials from the mineralogical point of view, as 
well as that of their dressing and first working up, is already supposed. This 
leads, of course, to a considerable simplification of treatment of the matter in the 
special part of the subject. 

The names of the joint authors, of whom the first is professor of inorganic 
chemistry in the Faculty of Chemico-technological Engineering of the Ceske vysoke 
ttcetii tech niche and tlie other professor of mineralogy in the Faculty of Science 
of the Charles 1 University of Prague, are a guaranty 'of a thorough and original 
treatment. As may be expected, a special consideration is given to the conditions 
prevailing in the Czechoslovak republic, which is best reflected in the detailed 
statements of mineral finding-places in this country and of statistical data concerning 
the import and export of mineral raw materials into and from Czechoslovakia. 

The disposition of the matter is mainly on the lines usual in inorganic chemistry 
with obvious exceptions following from mineralogical as well as from technological 
reasons (kaolin e. g. is rightly treated with minerals containing silicium (sub-heading: 
silicates), instead with the aluminium salts, to which it chemically also belongs), 

The chapters of the book have following headings: Air* Water. Sulphur. 
Natural raw materials containing phosphorus. Arsenic and its ores. Antimony and 
its ores. Bismuth and its ores. Raw materials containing boron. Carbon. Organic 
minerals. Minerals containing silicium. Tin minerals. Titanium minerals. Zircon. 
Thorite and Ihorianite. Sodium salts. Potassium salts. Caesium raw materials. 
Magnesium minerals. Calcium minerals. Strontium minerals. Barium minerals. 
Aluminium minerals. Pyrites. Ores and ore deposits. Finding-places of minerals 
from the geochemical point of view. 

The treatment is very full and no serious omissions could be detected. The 
book is profusely illustrated with diagrams and plates, for a great part original, 
especially when related to industries flourishing in Czechoslovakia. The reviewer 
calls a particular attention to the beautiful photos representing the kaolin mine 
in Horn! Bmza (near Plzen), the views from the kaolin factory in Chodov 
(near Karlovy Vary), where the china clay is purified eJectro-osmotically, and 
from the modern salt-works in Presov (East Slovakia)* 

If a criticism is allowed, in view of the general excellence of the book, the 
reviewer would recommend for a future edition to give as melting points of 
minerals the values determined on substances of the highest purity, as they 
represent the upper limits, since the melting points of impure minerals, measured 
moreover often by wholly inadequate methods, are no true constants. For rock- 
salt e. g. a value of 776*' is given, whereas the true melting point of the pure 
substance is 800° C. A. Simck* 



Produits cliimiques 
pour recherches 
scientifiques: ' 

Oxyde de butyle 
normal (ether bu* 
tyiique normal) 
pur, point d’ebul* 
iitionl38440°; ab* 
solument pur, distille sur 
du sodium, pour la prepara* 
tion du reactif de Grignard. 
Excellent solvant pour tra* 
vaux organiques. 



Organic chemicals 
for scientific rese* 
arch: di * n * butyl* 
oxide (n* butyl 
ether) pure of 
b. p. 138*140 C°; 
purest, distilled 
over sodium, suitable for 
preparation of Grignard's 
reagent, excellent solvent 
for organic work. 


ING. GOTHARD J. DRIZA, 

PRAGUE.IL, CHARVATOVA 3. TEL. No. 314-84 


SOClfrrE DE MINES ET FORGES 

DIRECTION GENERALE: PRAGUE II., LAZARSKA 7 

USINES SIDfeRURGIQUES: 

TftlNEC: Hauts fourneaux. Acieries. Laminoirs. Fon* 
deries. - KARLOVA HUt: Laminoirs de tales et 
plaques, construction de ponts. — BOHUMlN: Usines 
a fil de fer. - MALA MORAVKA: Usines a chaines. 

MINES HOUILLIERES ET USINES A COKE 
dans le bassin de Moravska Ostrava. 












CZECHOSLOVAK STATE MINING AND SMELTING 
ESTABLISHMENTS. 


Central Czechoslovak State Selling Department 
for Mining and Metallurgical Products 

(State! prodejna banskych a hutnickych vyrobku) 
PRAGUjE IL, VACLAVSKE NAWL 72. 

Telephone: 36751, 36752. Telegrams: Stapro Praha, 

is able to deliver 

From The State Mines at Pribram: 

lead products, all types of lead tubing and plates ; iron and steel 
wire ropes, both untreated and zincplated; litharge; lead and silver. 

From The State Management in Jaehymov (St Joa~ 
chimsthal): 

radium preparations and uranium colours. Radium sulphate is 
filled into needles or cellules, which are kept in tubes or other 
radiophores; Radium chloride is the suitable source for ema¬ 
nation. The state guarantees for the estimation of samples, 
controlled both in the state factory as well as in the State Radio¬ 
logical Institute, which issues certificates as to the content 
of radium. Full information to be obtained at the Minister- 
stvo Verejnych Praci (Ministry of Public Works), Odbor VII. 
(Central Administration of State Mines & Smelting Works). 

From The State Salines in Presov: 

finest crystallized common salt (vacuum salt). 

From The State Mines in Slatinske Doiy: 

Table salt, common salt and rock salt for cattle. 

From The Iron and Steel Works in Podbtessova, Slovakia; 
oxygen in cylinders of our own make; other cylinders also filled. 
Tenders invited for any of the above articles. 

All information given by the 

CZECHOSLOVAK DEPOT for MINING and SMELTING 
PRODUCTS, Prague IL, Vaciavske item, 7 2, 

Lignite from the Czechoslovak State collieries in Most 
(Bribe) and black coal from the Wenceslas mine in Porttba 
delivered by the 

CENTRAL COAL DEPOT OF THE STATE MINES 

(Ostfedni prodejna uhlf ze statnfch dolu), PRAGUE II M Lutzowova ul 8, 
Telephones 35477,35478,21425, Telegrams: Stdtouhli—Praha, 


Vydi&z* m£si£n£. — Odpov&dnf redaktoft a vydavateld: Prof. Dr. E. VotoSek a prof. Dr. J. Meyrovsk#, 
Tlskne »Polftika« v Praze. — Novinovd sazba povolena redifelstvim polt a ielegrafS £fs. 7746-VH. 1929. 
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CONTRIBUTION AU DOSAGE, AU MOYEN DE L’HYDRATE 
D’HYDRAZINE, DU FER EN PRESENCE DU MANGANESE 

par A. JILEK et V. VICOVSKY. 

L’un des principes sur lesquels on peut fonder la separation du fer 
d’avec le manganese est la valeur inegale des produits de solubility de 
l’hydroxyde ferrique d’une part et de l’hydroxyde de manganese d’autre 
part. Pour le premier ce produit est Lt’e(ori) s = 10 -36 , alors que pour le 
second il est seulement X 10 -14 . 1 ) L’hydroxyde ferrique, 

etant de nature plus electronegative que 1’hydroxy de de manganese, 
se separe entre les limites ps — 3—7, tandis que ce dernier le fait seule¬ 
ment dans l’intervalle^H— 8‘4—10.11 en ressort que, si le commencement 
de la precipitation de Fhydroxyde ferrique rentre dans le milieu faible- 
ment acide, celui de l’hydroxyde de manganese a lieu seulement en 
milieu alcalin. Par consequent, la precipitation de l’hydroxyde de manga¬ 
nese exige une concentration en ions OH' plus considerable que celle 
de 1’hydroxyde ferrique. Si on emploie pour la precipitation des deux 
hydroxydes une base faible dont on peut choisir la concentration 
en OH' de telle maniere qu’elle suffise pour l’obtention du produit de 
solubility de l’hydroxyde ferrique mais non pour celui de l’hydroxyde 
de manganese, il se s£pare uniquement le premier hydroxyde. Pour 
une telle precipitation on peut se servir de l’ammoniaque, base faible 
dont la concentration en ions hydroxyle se laisse diminuer par addition 
d’un sel d’ammonium suffisamment ionise. Mais ce procedg, encore 
qu’il supprime la precipitation de l’hydroxyde de manganese, ne sau- 
rait empecher la formation du bioxyde de manganese hydrate, moins 
soluble celui-ci, qui, dans une telle solution, prend naissance sous 
Faction de l’oxygene de l’atmosphere. Or, si a la- place de l’ammo¬ 
niaque on use, en presence d’un sel d’ammonium, 2 ) de l’hydrate 
■d’hydrazine, qui est une base plus faible que l’ammoniaque et jouit de 
plus de proprietes reductrices, on evite non seulement la precipitation 

‘) PLn(0H) 3 — 36, Plm(0H) 3 = 13-4. SackuretFritzmann. 

2 ) Sans addition de Sel d’animonium le sel manganeux n'est precipite qu’in- 
completemeni 


i 


de l’hydroxyde de manganese, mais encore celle du bioxyde de 
manganese hydrate. Dans ces conditions, seul ie sel de manganese est 
precipite, ce qui permet de realiser une separation quantitative du fer 
d’avec Ie manganese. 

L’hydrate d’liydrazine exerce de plus une influence favorable sur 
la nature de l’hydroxyde ferrique, qui en milieu hydrazinique se s^pare 
<i l’etat pulverulent, alors qu’il est volumineux et riche en eau dans 
le cas de la precipitation a l’ammoniaque. La forme pulverulente 
presente l’avantage de ne pas retenir de sels et de se laisser facile¬ 
nient laver. Seulement, pour que la precipitation de l’hydroxyde ferri¬ 
que par l’hydrate d’hydrazine soit quantitative, ce dernier ne doit pas 
faire subir au sel ferrique une reduction partielle en sel ferreux. Si 
cel a etait, le produit de solubilite de l’hydroxyde ferreux {pa — 5 - 5—8’5) 
se rapprocherait en effet trop du produit de solubilite de 1’hydroxyde 
de manganese. 3 ) Une telle reduction de Fe" en Fe" sous l’action 
de l’hydrate d’hydrazine a aisement lieu en milieu acide si ce dernier, 
en solution etendue, est introduit par gouttes dans une solution trop 
acide de sel ferrique. Dans ce cas, une partie du sel ferrique subit 
la reduction avant que 1’hydrazine puisse neutraliser l’acidite. Pour 
empecher cette reduction, il faut d’abord neutraliser la solution acide 
du sel ferrique par de l’ammoniaque diluee, jusqu’a coloration jaune 
du rouge methyle {pa — 4'4—6’2), puis ajouter d’un seul coup un 
exces modere d’hydrate d’hydrazine. Lors de la neutralisation du me¬ 
lange de sel ferrique et de sel de manganese, s’il se forme un preci¬ 
pite d’hydroxydes, il faut le mettre en solution par addition prudente 
d’acide dilue, parce que pendant l’addition ulterieure de l’hydrate 
d’hydrazine, m€me en presence de sel d’ammonium, Phydroxyde 
superieur de manganese retenu par l’hydroxyde ferrique n’entrerait 
plus en solution. 

L’hydrate d’hydrazine fut deja mis a profit par E. Schirm 4 ) pour 
transformer Phydroxyde ferrique volumineux, tel qu’il se precipite 
par un excfes d’ammoniaque, en hydroxyde pulverulent dans le but 
de faci liter la separation de Fe" d’avec £0/'. Le mSme auteur essaya 
encore de separer le fer d’avec le zinc au moyen de I'hydrate d’hydra¬ 
zine, mais sans succes, et mit en evidence la possibility de separer 
par ce reactif le fer d’avec le manganese, Ie nickel et le cobalt. 

Autant que nous avons pu certifier dans la litterature, cette sepa¬ 
ration n’a toutefois pas ete effectuee jusqu’S present. 


3 ) LFeiOH), — 1‘64X 10— 14 E. Muller; Li mb(0H) 3 = 4X10— 14 . 

4 ) E. Schirm: Chem. Ztg. 1911, 897. 
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Dans le present travail, il s’agissait surtout de separer d’avec le 
manganese de faibles quantites de fer, cas oil Fapplication de la 
methode a l’acetate est peu expeditive. D’autres auteurs, il est vrai, 
ont use, pour la separation des deux metaux, de bases plus faibles 
encore que 1’hydrazine. Cest ainsi qu’on proposa la pyridine 5 6 7 ) et 
l’aniline, 6 ) dont la manipulation n’est pas agreable. M£me le precipite 
blanc non fusible (NRyHyCl) 1 ) a ete employe dans le meme but. 

Dans ce qui va suivre nous ne decrivons pas seulement la sepa¬ 
ration du fer d’avec le manganese, mais la comparons encore avec 
celle qu’on obtient au moyen de la pyridine et de I’oxyquinoieine. 8 ) 
Les donndes numeriques se trouvent dans la partie experimentale. 

Partie experimentale. 

Nos solutions fondamentales ont ete preparees en dissolvant 
respectivement environ 4 gr de chlorure ferrique (Merck) et 8 gr de 
chlorure de manganese dans 2 litres d’eau distiliee. Le titre de la 
liqueur ferrique a ete determine par 1. 1’ammoniaque, 2. l’oxyquino- 
leine, 3. la pyridine. Les valeurs obtenues servaient de comparaison 
aux chiffres obtenus par le procede a l’hydrate d’hydrazine en presence 
de sel d’ammonium. 

Dans ce dernier, voici comment on proceda: 25 cc. de liqueur 
ferrique, additionnes de 2 gr de chlorure d’ammonium, etaient exacte- 
ment neutralises a 1’ammoniaque diluee jusqu’a coloration jaune du 
rouge methyle, portes a I’ebulition puis precipites d’un seul coup par 
un exces modere d’hydrate d’hydrazine 1 :25 (4 cc. dans 100 cc. 
d’eau). Apr£s une courte ebullition, le precipite pulverulent d’hydro- 
xyde etait lave a l’eau bouillante jusqu’a disparation de I’ion CV, enfin 
calcine & 1’etat de Fe z O a • La dose d’hydrate d’hydrazine a 1:25 
variait entre 2 et 8 cc. 

Dans 25 cc. de liqueur ferrique on a trouve en moyenne: 

10'15 mgr de Fe suivant la methode ammoniacale 

9'98 » » » » » » & l’oxyquinoieine 

9’89 » » » » » > a la pyridine 

9 94 » » » > » » a l’hydrate d’hydrazine 


5 ) J. A. Sanchez: Bull. Soc. Own. (4), 9, 880-81, 20/9-5/10 

«) Scholler et Schrauth: Chem. Ztg. 1909, 1237; E. T. Alben:/. Amer. 
Chem. Soc. 1903, 421. 

7 ) B. Solaja: Chem. Ztg. 1923, 557. 

8 ) R. Berg: Z. anal. chem. 1929, 201. 

3* 
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Notre precede h l’hydrazine donne done des resultats tres satis- 
faisants, concordant surtout avec ceux obtenus dans la methode 
& l’oxyquiuoleine et a la pyridine. 

Le litre de la liqueur manganeuse a ete determine par les voies 
suivantes: 1. precipitation par le phosphate de sodium, 2. par le sul- 
fure d’ammonium, 3. par l’ammoniaque et l’eau oxygen<§e, 4. par 
l’oxyquinoleine, 5. par simple evaporation du sel de manganese avec 
de l’acide sulfurique concentre (h l’etat de MtttfOi). 


25 cc. de liqueur manganeuse rentermaient 


30-25, 30-10 mgr 

29-74, 29-74 » 

29-82, 29-89 » 

29-74, 29-96, 2950, 29-53 * 
29 65,29 61 > 


de Mn selon la ntethode 

» » » » » 

» » » » » 

» » » » » 

» ■» % » 


1 , 

2 , 

3 , 

4 , 

5 , 


e’est-a-dire 29-79 mgr de manganese. 


Les melanges des sels ferrique et manganeux ont ete precipites 
par l’hydrate d’hydrazine de la maniere indiquee ci-dessus. Le preci¬ 
pite d’hydroxyde ferrique etait lave d’abord par une solution etendue 
et chaude de chlorure d’ammonium a laquelle on avait ajoute un 
peu d’hydrate d’hydrazine (rapport 1:25), puis par de l’eau chaude 
jusqu’it plus d’ion Cl'. Le precipite lave etait transforme par calcination 
en Fe 2 0 s . Dans le filtrat, le manganese etait determine soit par le 
phosphate de sodium, soit par l’oxine. L’hydroxyde ferrique ne 
contenait, a en juger par la fusion alcaline oxydante, que des traces 
de manganese, qui n’influaient nullement sur les valeurs obtenucs 
pour le fer. Par une precipitation repetee a l’hydrate d’hydrazine on 
peut d’ailleurs arriver it des precipites tout & fait exempts de manga¬ 
nese, mais cette operation n’est pas necessaire pour avoir des rdsultats 
utilisables. 

A titre de comparison, nous avons effectue aussi la separation 
du fer d’avec le manganese respectivement par la pyridine et par 
l’oxine. Dans le cas de la pyridine on obtierit, en presence de sel 
d’ammonium ou de sodium, un precipite volumineux d’hydroxyde 
de fer rappelant celui qu’on obtient par l’ammoniaque.") Mais ii 
y a retention sensible de manganese, ce qui se traduit dans les 
valeurs pour le fer, un peu elevdes. Lors de la precipitation du fer, 
en presence de manganese, par l’oxyquinoleine en milieu acetique, 
le precipite d’oxyquinoleate ferrique est exempt de manganese. 


®) J. A. Sanchez: Bull. Soc. Chim. (4), 9, SSO—81, 20/9—5/10. 
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Le tableau suivant donne les resultats obtenus dans le dosage du 
fer, en presence de manganese, par ces diverses methodes: 


Tableau. 


Dosage du fer en presence de manganese par les methodes 
1. a l’hydrate d’hydrazine, 2. a la pyridine, 3. a i'oxyquinoleine. 
Volume total 100 . cc. environ. 


N° 

Mis 

en-oeuvre 


Trentve mgr de 


S 


S i 

a « 
©.> 

S is 

a> 

o 

Z 

mgr 

Fe 

de 

Mn 

Fe,0 3 

Fe Mn i P 2 0 7 Mn 3 0 i 

t Mn 

11 

S* ^ O ogfe; 
[2* o % o a 53 

W S O 0.0 « T3 

1 . 

10*15 

29*79 

14*1 

9*86 

76*6 

— 

29*6 

— 0*29 

— 019' 


\ 


2 . 

1015 

29*79 

14*4 

10*08 

76*6 

— 

29*6 

— 0*07 

— 0*19 




3. 

10*15 

29*79 

14*4 

10-08 

76*6 

— 

29*6 

— 0*07 

-019 




4. 

2*03 

59*58 

3*2 

2*2 

156*1 

— 

60 3 

+ 0-17 

+ 0*72 

' 2 



5. 

4*06 

59*58 

6*2 

4*3 

152*6 

— 

59*00 

+ 0*24 

— 0*58 




6 . 

6*15 

59*58 

8*65 

6*00 

152*6 

— 

59*00 

— 0*15 

— 0*58 




7. 

7*30 

59*58 

10*1 

7*00 

154*1 

— 

59*6 

— 0*3 

+ 0*02 




8 . 

12*18 

59*58 

17*3 

12*09 

151*7 

— 

58-7 

-0*09 

- 0*88 

4 


m 

CN 

9. 

14*21 

59-98 

20*0 

13*98 

154*0 

— 

59*58 

— 0*23 

± 0*00 

5 


T-« 

10 . 

16*24 

59*58 

22*9 

16*00 

151*7 

— 

58*7 

-0*24 

— 0*88 ' 


CO 
> o 

<D 

& 

11 . 

20*30 

59*58 

28*3 

19*79 

151*7 

— 

58*7 

— 0*51 

— 0*88 


d 

N 

o3 

»■* 

Mh) 

12 . 

20*30 ” 

5*95 

28*0 

19*58 

13*6 

— 

5*26 

-0*72 

— 0*69 




13. 

20*30 

11*91 

28*4 

19*87 

31*6 

— 

12*20 

- 0*43 

+ 0*29 

■6 


+ 

14. 

20*30 

23*82 

28*6 

20*00 

60*5 

— 

23*4 

— 0*3 

-0-42 



Ts 

9-. 

15. 

20*30 

35*73 

28*7 

20*07 

— 

48*3 

34*79 

-0*23 

— 0*94 



tmi 

16. 

20*30 

47*64 

28*6 

20*00 

— 

64*2 

46*2 

-0*30 

-1*4 . 




17. 

0*40 

59*58 

0*8 

0*55 

— 

82*5 

59*4 

+ 015 

— 0*18 

2 



18. 

20*30 

1*19 

28*0 

19*58 

— 

2*3 

1*6 

— 0*72 

+ 0*41 

8 



19. 

10*15 

29*79 

14*7 

10*28 

74*95 

— 

28*94 

+ 0*13 

— 0*85 1 

i 

S 

J n 


20. 

21 . 

10*15 

10*15 

29*79 

29*79 

14*5 

14*2 

1014 

9*93 

75*00 

76*6 

_ 

29*01 

29*63 

-0-01 

-0*22 

— 0*78 

— 016 | 

>2 

Precipi¬ 

tation 

repet&s 

22 . 

10*15 

29*79 

14*1 

9*86 

76*5 

— 

29-59 

-0*29 

— 0*20 


ln. ; 

par 

NA 

23. 

10*15 

29*79 

15*2 

10*63 

74*0 


28*63 

+ 0*48 

— 1*16 

1 

in 

6 


24. 

10*15 

29*79 

14*9 

10*42 

74*4 

__ 

28*78 

+ 0*27 

—101 

> 6 In. 

m^thode 
a. ia 

25. 

10*15 

29*79 

15*6 

10*91 

73*5 

— 

28*43 

+ 0*76 

—1*36 

i 

in 

6 

pyridine 

26. 

10*15 

29*79 

14*2 

9*95 

— 

40"8 

29*38 

— 0*20 

— 0*41 


d 

niethode 
a Poxy- 

27. 

10*15 

29*79 

14*2 

9*95 

— 

40*2 

28*95 

-0*20 

-0*84 



quino¬ 

line 
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Le tableau met en evidence que le dosage au moyen de 1’hydrate 
d’hydrazine de faibles quantites de ter en presence de manganese 
est quantitatif. 

Resume: 

Pour doser, au moyen de l’hydrate d’hydrazine, le fer en presence 
de manganese, voici comment on procede: 

La solution diluee renfermant les sels ferrique et manganeux est 
additionnee d’environ 2 gr de chlorure d’ammonium, puis neutralist 
par de 1’ammoniaque diluee jusqu’a jaunissement du rouge methyle 
employe comme indicateur. Elle est ensuite portSe & l’ebullition et 
precipitee d’un seul coup par un faible exces d’une solution 1:25 
d’hydrate d’hydrazine. 

Apres une courte ebullition, on recueille le precipit6 sur un filtre 
(Schleicher-Schull bande bleue), on lave d’abord par une solution 
chaude renfermant dans 100 cc. 1 gr de chlorure d’ammonium et 1 cc. 
d’hydrate d’hydrazine 1:25, puis par de l’eau chaude jusqu’& dispa- 
rition de 1’ion Cl'. On calcine jusqu’a poids constant et 1’on pese le 
Fe^Of,. Dans le filtrat, on dose le manganese par l’une des m6thodes 
suivantes: au phosphate, a l’oxyquinoleine, au sulfure. 

Institat de Chitnie analytique 
de I’Ecole Polytechnique tcheque de Brno 
(TchecosLovaquie). 



POLAROGRAPHIC STUDIES WITH THE DROPPING MER- 
‘CURY KATHODE. — PART XXI. - LIMITING CURRENTS OF 
ELECTRODEPOSITION OF METALS AND OF HYDROGEN 

by I. SLENDYK. 

Introduction. 

General remarks. Let us consider an arrangement usually employed 
for the determination of electrolytic decomposition voltage. This consists 
of two electrodes dipping in a stirred solution of an electrolyte. One 
of the electrodes is made very small in comparison with the dimen¬ 
sions of the other so that during electrolysis the polarization acts 
only at the small electrode. A suitable arrangement for this sort of 
electrolysis presents the dropping mercury kathode, which furnishes 
well reproducible current-voltage curves. Generally the current-voltage 
curves observed by means of such an arrangement have the shape 
represented in Fig. 1. This curve was recorded polarographically on 



electrolysing a O'OOl n. CdCl 2 solution in O'Ol n. KOI. A steep rise of 
the current at the point D accompanies the beginning of a perceptible 
discharge of cadmium ions at the small mercury kathode. With in- 
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creasing applied voltage the curve of the current turns towards the 
axis of voltage and finally becomes parallel with it. Another steep 
rise of the current, at point D', indicates the discharge of potassium 
ions which process requires a greater voltage. 

At the stage represented by the horizontal portion (C — D') of the 
current-voltage curve, the current is maintained only by diffusion of 
cadmium ions from the bulk of solution to the kathode surface. This 
limiting current (also called ^diffusion* or »saturation« current) thus 
depends on the mobility of the ions, on their absolute concentration 
in the bulk of solution, on the thickness . of diffusion layer, on 
viscosity and on the amount of other indifferent electrolytes present 
in solution. 

A complete theory of limiting currents was developed by 
A. Eucken, 1 ) basing on the Nernst’s differential equations for 
diffusion of electrolytes. During our investigations with the dropping 
mercury kathode we have collected sufficient experimental data 
respecting limiting currents, which enable us to make a comparison 
with Eucken’s theory. 

According to Eucken the limiting current of electrodeposition 
of, say, cadmium from a pure cadmium chloride solution should be 
equal to 

. IcUBTFq 

•= —fr- (l > 

where c — concentration of cadmium chloride 
g —the area of the kathode 
d — thickness of the diffusion layer 
U — the mobility of the kation 
v — the valency of the kation 
i? = the gas-law constant 
T —- absolute temperature 
F— one faraday. 

If however, the solution contains simultaneously another electro¬ 
lyte — e. g. KCl — which has a greater decomposition voltage — 
the conditions at the electrode surface are somewhat different. In the 
latter case on closing the circuit both cadmium and potassium ions 
begin to move towards the kathode surface. Cadmium ions are here 
discharged so that a diffusion layer of these ions is built at the 
interface. On the other hand potassium ions — which require for 
their electrodeposition a considerably more negative kathode poten¬ 
tial than cadmium ions — remain undischarged and accumulate at 
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the kathode surface. The latter process will continue until the mi¬ 
gration of potassium ions towards the kathode caused by the po¬ 
tential drop in the solution becomes equal to their thermal diffusion 
in opposite direction i. e. from the kathode surface into the solution. 

If the ratio of the total concentration of anions to that of cadmium 


ions is denoted by M - 


[CT] 


then according to Eucken the 


[OTjj * av-wtumg 

limiting current in presence of potassium chloride is equal to 


2 URTFqc 
dv 


M — YM(M — 1) 


( 2 ) 


With increasing concentration of the indifferent electrolyte the 
expression in brackets approaches its limiting value equal 05. The 
relative magnitudes of the limiting current were calculated according 
to formula (2) and are given in Table 1. In these calculations we 
have arbitrarily chosen 


UBTFq 

dv 


and c = 1 


Under these assumptions the relative value of the limiting current 
in an ideally pure solution of cadmium chloride should be equal to 2. 


Table I. 


Concentration of indifferent 

Limiting 

electrolyte 

current 

0 

2-00 

001 

T82 

0-05 

1-64 

OiO 

1-54 

0-50 

1-26 

1-0 

1*18 

5-0 

1-07 

10-0 

T02 

50-0 

1-00 


Experimental part. 

1. Limiting currents due to electrodeposition of metals. 

The polarographic arrangement with the dropping mercury kathode 
was used for investigation of the magnitude of limiting currents, 
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since the current-voltage curves obtained with this electrolytic arrange¬ 
ment and machine *) are best reproducible. The limiting currents 
were studied in solutions containing 10~ 3 gram-equivalents per litre 
of chlorides of copper, cadmium and manganese. As indifferent 
electrolytes served salts of potassium or barium. 

Characteristic curves showing the decrease of the limiting current 
with increasing concentration of the added indifferent salt are shown 
in Fig. 2. 



Limiting currents of manganese deposition. 

Curve 1: 10- 3 d/nCJ, 4- O'0C02 n. BaCh 
» 2: 10-3 MnCk + 0-0004 n. BaCl^ 

» 3: 10-3 MnCl., + 0*0010 n. BaCl 3 

» 4: 10-3 MnCl., + 0'0040 n. Bad, 

» 5 : 10—3 MnCli + 0‘010 n. BaCl 2 . 

Some results are given in Table II. Since we were interested only 
in relative changes, the values of the limiting current given in the 
table are represented by the observed deflexions of the galvanometer 
corresponding to this current. 

As a basis for calculating the relative changes of limiting current 
with varying concentrations of the added indifferent electrolyte served 
the value of the limiting current observed in presence of an excess 
of the added salt. This value was taken equal to 1. 

The limiting currents in pure solutions (without the addition of 
indifferent electrolyte) were difficult to reproduce; this was due to 
the fact that very small concentrations of indifferent electrolyte exert 
a pronounced effect on the height of the limiting current. We did 
not try to eliminate these impurities usually present in chemically 
pure salts since it was observed that “pure” solutions, when left in 
closed flasks stand for few days, showed an appreciable decrease 


*) Polarograph constructed by Dr. V. N e je d ly, Prague-Vokovice, Husova 76. 
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Table II. 


Solvent 

Limiting current 
{mm of the galv. 
deflexion) 

Relative value 
of the limiting 
current 


0-001 n. CuCU 


0-02 n. KCl 

40 

TOO 

0-004 n. KOI 

42 

105 

0-002 n. KOI 

46 

1-15 

0-001 n.KCl 

49-5 

1-24 

0-0004 n. KOI 

55 

1-37 


0-001 n. CdCh 


0-04 n. KOI 

47 

1-00 

0-01 n. KCl 

47 

1-00 

0-004 n.KCl 

51 

1-08 

0-002 n.KCl 

54 

1-15 

0-001 n. KCl 

57 

T21 

0-0006 n. KCl 

61 

1-30 

0-0004 n. KCl 

63 

1-34 

0-0002 n. KCl 

69 

T47 


0001 n. MnCl 2 


0-01 n. BaCh 

24 

1-00 

0-001 n. BaCl z 

28 

1-17 

0-0004 n. BaCl 2 

33 

1-37 

00002 n. BaCl 2 

36 

T50 


of the limiting current. The source of the contamination to which 
this decrease is due has to be sought in the soluble components of 
the glass of flasks. 

In presence of some added salt the effect of such incidental traces 
of contamination becomes negligible and then the results are well 
reproducible. In O'OOl n. solutions, which were studied by us, the 
effect of incidental contaminations was already negligible when the 
concentration of the added indifferent electrolyte amounted to 0-0004 
.gr.-eq. per litre. 

In Fig. 3 relative values of the limiting current given in Table II. 
are plotted against logarithms of concentrations of the added salt. 
The agreement of the results with the theoretical curve, drawn accord¬ 
ing to equation (2), seems — at least in greater concentrations — 
satisfactory, indicating that the results obtained with the dropping 
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mercury kathode are in no way influenced by the use of this special 
method of electrolysis. This is especially important in view of the 
abnormal course of the limiting currents encountered in the following 
study of hydrogen deposition. 



2. Limiting currents of hydrogen deposition at the mercury kathode. 

Experiments were made with solutions of hydrochloric acid to 
which different amounts of neutral salts have been added. To ensure 
that the results were not influenced by accidental errors each mea¬ 
surement was repeated several times, fresh solutions each time 
having been prepared. Glass vessels and electrolytic cells were tho¬ 
roughly cleaned and steamed out before each filling. 


Table III. 


Saturation currents*) in 0DG1 n. hydrochloric acid. 


Concentration of salt ^ 
(gr-eq. per litre) 

KCl 58 

NaCl 58 

Bad,z 58 

CaCh 58 


10-4 n. 

10-3 n . 

10- 2 n . 

10-1 n . 

46 

29 

19 

14 

46 

30 

20 

15 

42 

26 

16 

10 

44 

24 

15 

10 


*) The numbers represent deflexions of the galvanometer mirror in mms. The 
sensitivity of the galvanometer was 1 / i{f0 , 1 mm denoting 6X10— 7 amp. 
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Table IV. 

Saturation currents*) in 001 n. hydrochloric acid. 

Concentration of salt 0 10 -4 n. 10— 3 n. 10— 2 n. 10— 1 n. n. 

KCl 83 69 54 36 24 21 

BaCk 83 67 50 34 20 18 

In the case considered the following peculiarities were observed: 

a) the decrease of the limiting current of hydrogen deposition with 
increasing concentration of the neutral indifferent salt does not 
follow according to formula (2). In presence of an excess of neu¬ 
tral salt the limiting current is more than four times smaller than 
that observed in a pure solution of hydrochloric acid. A polaro- 
gram illustrating the suppressive action of potassium chloride on 
the height of the limiting current is reproduced in Fig. 4. 



Curve 1: 10— 3 n. 11CI + IQ- 4 n. KCl 

» 2: 10-3 J2G7+ 10-3 n. KCl 

» 3: 10-3 n . HCI+ 10- 2 n. KCl 

» 4: 10—3 n. IJ Cl + 10— 1 n. KCl. 


b) the suppressive effect of the added salt depends on the valency 
of the kation. 

The results are summarised in Tables Ill and IV and are repre¬ 
sented graphically in the diagram Fig. 5. 

*) The sensitivity of the galvanometer was decreased to l / mo of the maximal, 
1 mm deflexion corresponding to 6X10— 6 amp. 







392 


In very pure hydrochloric acid the saturation current continues 
until the applied E. M. F. reaches the value of about 2 3 volt. At this 
voltage the current begins to rise again. 



— 5 —4 —3 —2 —1 0 

log e of indifferent salt 

Fig. 5. 


Since the solution does not contain other kations beside hydrions 
this second increase of the current must be due to the kathodic 
evolution of hydrogen split from water molecules. Owing to the 
dissociation of water molecules the concentration of hydrogen ions 
during the first current stage cannot decrease below 10~ 7 £r.-equiv. 
per litre. Therefore, when this concentration of hydrogen ions is 
reached the current should rise with the applied voltage indefinitely. 

Eucken 1 ) and Aten 2 ) have discussed the limiting currents of 
hydrogen deposition from acid solutions containing neutral salts. 
According to their theory the solution at the kathode surface in 
presence of neutral salts may become alkaline even in solutions 
initially acidic, when the current has reached its limiting value. 

■ The mathematical discussion of the diffusion equations is in this 
case extremely complicated. A qualitative idea of the spacial distri¬ 
bution of different ions in the diffusion layer at the limiting current 
may be derived from the schematical diagram given in Fig. 6. 
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The current-voltage curve of an acid solution containing neutral 
salts shows in our case usually two limiting currents. (See polarogram 



Fig. 6. 


Fig. 7.) The first limiting current is due to the deposition of hydrogen, 
the second one due to the deposition of the kations of the indifferent 
salt; finally at a very considerable applied E. M. F. (of about 2'8 to 
3 0 volts) we observe an increase of the current which with the applied 
voltage increases steadily without reaching any limiting value. As 
pointed out above, this latter increase of current is due to the second 
stage of hydrogen evolution. 



10-3 n . HCI+ 10-3 n . BaCl,. 

Curve 1: the solution in nitrogen atmosphere 
Curve 2: the solution in hydrogen atmosphere. 
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Discussion. 

When considering the decrease of the limiting currents of hydrogen 
deposition we have to bear in mind that the electro-deposition of this 
element exhibits also an abnormal behaviour shown by its overvoltage. 

The hydrogen overvoltage at the dropping mercury kathode has 
the largest value. According to the theory put forward by J. Hey- 
rovsky 8 ) the mechanism of hydrogen deposition at the mercury 
kathode can be represented by the following reactions: 

1 . //' + « ^ 11 

2 . H + s ^ W 

3 . H' + ir -* H». 

Third (irreversible) reaction requires for its completion a successful 
encounter of a positive hydrion from the solution* with a negative 
ion (H r ) originating in the kathode surface. This theory was found 
to accord well with experimental facts. Furthermore, it has been 
established that the overvoltage also depends on the presence of neutral 
salts in the acid solution. 4 ) The kations of neutral salts adsorb at the 
kathode surface thus decreasing the amount of adsorbed hydrions 
and diminishing the chance for the.formation of molecular hydrogen 
according to the scheme given above. Kations of different valency 
produce different effects on this increase of overvoltage, the effect 
of kations of greater valency being much stronger than that due to 
monovalent ions. 

It is probable that also in the case of the hydrogen limiting current 
the adsorbed ions in some way hinder the formation of molecular 
hydrogen, although the conditions in this case somewhat differ from 
those at which the changes in overvoltage are being measured. When 
the limiting value of the current of hydrogen deposition is attained 
the solution at the kathode interface is almost entirely freed from 
hydrogen ions. The adsorbed kations (e. g. K\ JBa") probably di¬ 
minish the effective kathode area lowering at the same time the 
probability for the reaction W + H' -*■ H 2 to occur. 

The author’s thanks are due to Dr. P. Herasymehko and Prof. 
J. Heyrovsky for their kind help and criticism. 

Received Aug. 20th, 1931. 
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It was found that 

1. the limiting currents due to the electro-deposition of metals at 
the dropping mercury kathode follow Eucken’s theory,decreasing 
to half value when an excess of an indifferent salt is added. 

2. the limiting currents due to hydrogen deposition decrease, when 
to the acid indifferent salts are added, much more than expected 
from Eucken’s formulae; the current is the smaller the higher 
the valency of the kations added. 
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POLAROGRAPHIC STUDIES WITH THE DROPPING MER¬ 
CURY KATHODE. — PART XXII. — A STUDY OF HYDRO¬ 
LYSIS OF COBALTOUS CHLORIDE 

by R. BRDICKA. 

Introduction. 

Hydrolysis of cobaltous salts in aqueous solutions has been the 
subject of several investigations 1 ) 2 ) from which the irreversibility 
of the hydrolytic process became apparent. The present author suc¬ 
ceeded to trace electrochemically a product of hydrolysis in aqueous 
solutions of cobaltous chloride by a close examination of the course 
of current-voltage curves obtained with the polarographic arrangement 
in electrolysis with the dropping mercury kathode. 

The deposition potentials of cobalt in electrolysis of aqueous 
solution of its chloride do not show the regular shifts towards more 
negative potentials which should take place in reversible electro- 
deposition 8 ) 4 ). According to the Nernst' formula 5 ) these shifts 
should amount to 30 millivolts for a ten fold change in concentration 
of cobaltous ions; yet the observed values are considerably greater 
and are, moreover, increasing by dilution. The explanation of this 
anomaly was first sought in progressive hydrolysis of cobaltous chlo¬ 
ride, owing to the abnormally decreased activity of cobaltous ions 
in small concentrations. Yet when cobaltous chloride was dissolved 
in presence of hydrochloric acid, the abnormal shifting of the depo¬ 
sition potential remained, indicating that hydrolysis cannot cause 
this anomaly. The irreversibility of electrodeposition of cobalt has 
then been closely studied by the present author 4 ), who explained-it 
by the slowness of the dehydration process of hydrated simple cobalt¬ 
ous ions. During these investigation the present author found another 
phenomenon bearing on hydrolysis in the solutions examined, which 
will be discussed below. 
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Experimental. 

Many polarograms obtained with the polarographic arrangement 6 ) 7 ) 
which recorded electrolysis of aqueous cobaltous solutions using the 
dropping mercury kathode, exhibited on current-voltage curves a small 
yet distinct “wave” before the definite deposition of cobalt, in other 
words the curves showed an increase of current at kathodic po¬ 
tentials more positive than that at which the decomposition voltage 
of the cobaltous solution is reached (see Fig. 1 curve 1). Most 
conspicuous was this “wave” on polarographic curves due to 
0-0001 till 0-1 n. solutions of cobaltous chloride prepared in neutral 
0-01 n. KOI. 



Curve 1: 0-01 n. GuCl 2 -f 0'01 n. KOI 
» 2: added HGl to be 10— 5 n. 

» 3: » IICl % » 1G~~ 4 n» 

At first this “wave” has been regarded as due to the presence 
of a trace of impurity, which at that kathodic potential deposits, like 
zinc (from the hydrogen generator) or nickel. Yet, curiously enough, 
the dimension of this “wave” practically did not decrease on dilu¬ 
tion of the cobaltous solution. Thus it could not be due to an im¬ 
purity contained in the sample, which was Merck’s cobalt chloride 
“Nickelfrei, pro analysi.” The same “wave” appeared also on curves 
obtained from solutions of samples from various origin, notably of 
that especially purified from traces of nickel by Professor J. Sterba- 
B 6 h m. Neither could any impurity originate from the potassium 
chloride used, since pure solutions made from the same sample of 
potassium chloride showed no such “wave” on polarographic curves. 


2 * 
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The clue to the significance of this “wave” gave its dependence 
on the concentration of hydrions. These relationships were found 
after a thorough systematic examination of the independent electro¬ 
deposition of cobalt, nickel and hydrogen from a mixture containing 
their ions. 

It may be mentioned here that at the dropping mercury kathode 
the deposition of nickel and cobalt from solutions containing a mixture 
of their salts is uninfluenced by the simultaneous presence of both 
kinds of kations and that, consequently, this mixture may be even 
estimated quantitatively by the heights of the separate nickel and 
cobalt waves. 18 ) The same indifference of -electro-deposition has also 
been found in the presence of hydrions. 

The latter fact is by no means obvious, since it might well be 
expected that the overvoltage of hydrogen at the mercury kathode 
could be changed when mercury enriches in cobalt by its previous 
electro-deposition. However nothing of that sort has been found to 
occur. Both the cobalt as well as hydrogen “waves” remain at their 
proper deposition potentials unshifted, whether depositing from pure 
solutions or mixtures (see Fig. 2). Here, however, we already notice 
that the small increase of current, observable at the bend of the curve 
due to the deposition of cobalt, vanishes. This is best seen in Fig. 1 
on curves 2 and 3 which were obtained from the same solution as 
curve 1 only after an acidification to 10~ 5 and 10 -4 n. HCl resp. 



These and many similar experiments were made by electrolyzing 
solutions which were carefully freed from atmospheric oxygen; also 
the add, added to cobaltous solutions from a burette, was equally 
kept in an atmosphere of hydrogen. 8 ) 
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The disappearance of the “wave” after acidification suggested that 
the phenomenon might be due to a basic product of hydrolysis 
from which cobalt would deposit at a more positive potential than 
from ordinary hydrated ions. This, of course, involves the assumption 
that the product of hydrolysis is not in a mobile equilibrium with 
the ions, otherwise two distinct different deposition potentials could 
not occur, but the whole reserve of cobalt would deposit at the more 
positive potential of the two. 



Curves 1. 10- 4 n. Co CL ,; 

after HCl additions concentration of hydrions added is 2. 2 X 10— 5 n., 

3. 4 X 10-5 n, 4. 6 X 10-5 5. 8 X 10-5 n. 6. 10-4 n., 7. 1‘2 X 10~ 4 n. 

According to the explanation suggested above first solutions from 
0'1 n. to CH3001 n. CoG\ were electrolyzed with the dropping mercury 
kathode arrangement using high sensitivity of the galvanometer and 
in each case acid was added until the basic “wave” disappeared. This 
happened when the acid in the cobaltous solution became 5X 10 -5 to 
10~* n. Fig. 3 gives an example of this. After the first addition of 
the acid (curve 2), making the solution 2.10~ 5 n. HCl, the curve did 
not appreciably change its aspect; however the last addition, to the 
acidity of F2 X 10 -4 n. HCl, sufficed to remove the “basic wave”. 

If, on the other hand, a dilute alkaline solution is added to a faintly 
acidic solution of cobaltous chloride, the basic “wave”, originally 
absent, gradually appears (see Fig. 4). It is interesting to observe here 
that the “wave” soon acquires maximal dimension, remaining constant 
after further additions of alkali. Only if so much of alkali hydroxide 
has been added that the cobaltous salt was largely precipitated, also 
the basic “wave” disappeared. This process of acidification and neutra- 
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lization could have been repeated any number of times the wave in¬ 
variably appearing in its constant height as soon as the solution 
became near to neutral. 



Curve 1: 0 ? 1 n. 6’o67 2 in 4X 10— 4 n. HOI 
» 2: added 0‘005 n. KOH, 2 ccs to 25 ccs 

» 3: » 3 ccs KOH 

> 4: » 4 ccs KOH 

> 5: > 5 ccs of 0*005 n. KOH. 

Still more conspicuous were the results observed at higher tem¬ 
peratures, which have to be expected from the increasing degree of 
hydrolysis with temperature. In these experiments the electrolytic 
vessels were kept in an electrically heated thermostat. The solutions 
0T, O’Ol, 0 001, O'OOOl n. CoCl 2 were electrolyzed at 20°, 40°, 50°, 60°, 
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80° and 100° C. The basic “wave” increased rapidly with rising tem¬ 
perature (see Figs. 5 and 6). 



At 40° C it was twice, at 60° about 8 times, at 80° about 20 times 
and at 100° almost 40 times the size shown at 20° C. Above 50° C 
the basic “wave” becomes distinctly separated from the bend due to 
the deposition of the prevailing part of cobalt, forming a maximum. 

At these elevated temperatures again, if the solutions are neutralized 
by alkali, the “wave” soon grows to a constant height and is removed 
either when the majority of cobalt is precipitated or the solution 
faintly acidified (see Fig. 7). 



Amounts added: 

1. — 2. 0'5 ce 3. 1 ce 4. 1*5 ce 5. 2 ces 6. 2*5 cos 7. 3 cas 8. 8 ces of 0*1 n. KOH. 
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Discussion. 

The description of the experimental procedure has clearly shown 
that the small “wave” observable on the polarographic curve before 
the deposition potential of cobalt is due to a product of hydrolysis 
from which cobalt is electro-deposited with expenditure of less energy 
than from ordinary hydrated cobaltous ions. 

Let us suppose the simplest form of this product of hydrolysis, 
which is formed according to the equation: 

Co" + H 2 0 ^ iT-f CoOH' 

With these unhydrated simple ions practically the whole content 
of cobalt in solution is in equilibrium in a hydrated form, which 
may be expressed by the equations: 

[Co(H 2 0)s]" it Co" + 6 H 2 0 
and 

[Co{HM" + h 2 o it ir + [Co{HzO) 5 oh\ 

For simplicity let us denote the concentrations of the hydrated 
particles as [Co“] and [CoOH']. 

Then the concentration of the basic kation, which can be followed 
by the height of the basic “wave”, is connected with the concentrations 
of the other particles in solution by the formula: 

[Co']. [OH'] __ [Co"].K co 
Kl ~ [CoOH'} [CoOH']. [H'} 

where K m = \R'\.[OR ']. 

In a given solution we may regard [Co“ J, which is much larger 
than [CoOH'], as constant. Then [CoOH'] .[#"] — %, which explains 
the disappearence of the basic “wave” when [//'] be increased. 

Similarly, for small additions of alkali [CoOH'] — Jc . [OH'} ; if, 
however, the concentration of hydroxyl ions be gradually increased, 
cobaltous hydroxide begins to be precipitated. We have then: 

y [CoOH']. [OH'] _ [CoOH ']. [OH'] 

2 t Co(OHU K b 

which is again verified in excess of alkali, in which the “wave” 
disappears. As long as cobaltous hydroxide is precipitated the con¬ 
centration of hydroxyl ions is practically unchanged; hence also the 
concentration of the basic kation, [CoOH'], does not appreciably 
change and the basic “wave” remains constant (comp. Fig. 7). 
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Thus the experimentally observed behaviour of the basic “wave” 
accords well with relationships given by the above formula. Any 
numerical evaluation of the constants cannot, however, be derived, 
since the height of the wave, which would be a quantitative measure 
for the concentration [CoOH'j, cannot be determined with certainty and 
it is too sensitive for very slight changes of hydrion concentrations. 

The mechanism of electro-deposition. 

According to the current electrochemical ideas of electrodeposition 
simple ions are supposed to split off from more complex ones (or 
hydrated ones) and to deposit by electro-neutralization. This process 
is supposed to proceed sufficiently quickly so that even an equilibrium 
between the simple and complex ions is maintained. However, expe¬ 
rience with electrolysis by means of. the dropping mercury kathode 
presents already several cases which are incompatible with the view 
just mentioned. Thus from solutions of complex zinc cyanides zinc 
> has been shown 10 ) to deposit in the same solution at three deposi¬ 
tion potentials and the mercury kathode has been found polarizable 
in solutions of mercuric cyanide. 11 ) If these cyanides could split off 
simple kations with a sufficient velocity, no decomposition voltage 
could be observed in mercuric cyanide solutions and zinc could 
deposit only at the smallest decomposition voltage. For the same 
reason we would expect cobalt to deposit from simple and complex 
ions simultaneously present in one solution only at the most positive 
deposition potential, i. e. at — T05 v. from the normal calomel zero. 
The fact that cobalt is deposited at two potentials indicates that 
it deposits from each different form, i. e. from [Co{H«0)^" and 
[Co{H 2 0) & OH]‘, at a different potential directly, without previously 
splitting off the unhydrated simple ions Co”, which cannot be in a 
perfectly mobile equilibrium with the complex ions. 

The slow establishment of equilibrium in the hydrolysis of cobalt- 
ous solutions has already been pointed out by Denham 1 ) 2 ) and 
is shown in the inconstancy of the degree of hydrolysis and its 
irreversibility, if once disturbed by change of temperature. Thus 
even if simple unhydrated Co" ions existed round the kathode in 
some small concentration, they would be during electrolysis instantly 
exhausted, so that at the kathode interface only the complex cobalt 
ions can remain. To explain the deposition of cobalt which would 
take place directly from complex ions, let us imagine that the complex 
ions or molecules 11 ) are subjected to the action of the electric field 
existing in the close proximity of the kathode. Ions and molecules 
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are supposed to be deformable in an electric field, E, forming di¬ 
poles, the magnitude of which is given by the moment y., which de¬ 
pends on the intensity of the electric field according to the formula 

u a . E, 

a being the coefficient of deformability of the particle. Such dipole 
particles assume at the kathode interface an orientation in which the 
positively charged part is kept closely to the kathode. By increasing 
the polarizing E. M. F. the drop of potential at the kathodic interface 
is increased and the particles are by the electric field correspondingly 
more and more deformed until, at a certain applied voltage, the 
particle is torn, its positive ion being deposited at the kathode. A 
mathematical deduction of the relationship between the current and 
the kathodic potential at which the complex ions are electrolytically 
torn has been given in the communication of W. Kemula, 11 ) who 
showed that the form of current-voltage curves deduced from these 
kinetic ideas practically coincides with current-voltage curves obtained 
in reversible electrolysis or deduced from thermodynamics according 
to Nernst formula. 

The present author's investigations in conjunction with those 
published by him previously 4 ) allow the conclusion that even the 
ordinary hydrated cobalt ions, like the basic ions, deposit at the 
kathode in the irreversible manner just described, i. e. that they are 
torn by the electric field not splitting up in a mobile equilibrium. 
The force necessary to overcome the dipole moment of the particle 
[Co(H 2 0) 5 OH]‘ must be smaller than that necessary to tear the par¬ 
ticle [Go{H 2 0) & ]'\ since the deposition potential of the first sort of 
particles is by ca 0'2 v. more positive than the deposition potential 
of the unhydrolysed ions. 

Received June 30th, 1931. The Physico-chemical Institute, 

Charles' University, 
Prague. 


Summary. 

Current-voltage curves registered polarographically in electrolysis 
of aqueous solutions of cobaltous chloride carried out by means of 
the dropping mercury kathode, show, according to the degree of 
hydrolysis, at a potential of ca. —1*05 v. an increase of current, in 
form of a “wave”, ca. 0'2 v. before the deposition potential of cobalt 
is reached. 
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This “wave” increases greatly when the solution is warmed or 
when a small amount of alkali hydroxide is added to the solution; 
it disappears entirely after faint acidification, to a ca. 10~ 4 n. hydrion 
concentration. 

It is concluded that at the first increase of current cobalt is deposited 
from the hydrolytic product CoOH', or rather from its hydrated form 
[Oo(H 2 0) n OH}\ whilst at the second increase ordinary hydrated cobalt- 
ous ions deposit. The equilibrium process 

[Co(H. 2 0)f] + H 2 0 IF + {Co(HoO)r 3 . OH\ 

established slowly, so that each sort of ion has its own deposition 
potential, at which the complex ion seems to be torn into the simple 
tons by the action of the strong electric field existing at the interface 
of a polarized electrode. 
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POLAROGRAPHIC STUDIES WITH THE DROPPING MER¬ 
CURY KATHODE. - PART XXIII. - SIMULTANEOUS ESTIM¬ 
ATION IN THE GROUPS IRON, CHROMIUM, ALUMINIUM 
AND NICKEL, COBALT, ZINC, MANGANESE 

by J. PRAJZLER. 

This study is a continuation of investigations of the possibility 
to carry out a systematic qualitative and at the same time quantitative 
analysis for kations by means of the polarographic method. The start 
has been made in this direction by K. Such y, 1 ) who found condi¬ 
tions to analyse in this manner the elements of the so called* first 
analytic group viz. copper, bismuth, lead and cadmium. The sub¬ 
group next following in analysis, i. e. that of antimony, tin and arsenic, 
is still under investigation. The present author's problem was to work 
out a general method for analysing the group of iron, chromium and 
aluminium and the group of nickel, cobalt, zinc and manganese. 
The aim was to avoid as much as possible chemical operations and 
to estimate as many elements as possible simultaneously present in 
mixtures of their salts in solution. The possibility of distinguishing by 
means of a polarographic curve elements depositing from one solu¬ 
tion presents itself only in cases where the deposition potentials differ 
sufficiently so that the “waves”, formed by saturation currents, do 
not coincide. The following table gives the deposition potentials 
from concentrated and dilute solutions of elements of the ammonium 
sulphide group, the estimation of which was the aim of this investi¬ 
gation: (See Tab. p. 407.) 

(This table refers to deposition potentials determined from the 
on curves obtained with a 10 -8 amp I mm sensitivity of the galvano¬ 
meter.) 

The “waves” due to metals depositing at potentials close to each 
other are the better distinguished, the more dilute the solution is; 
most favourable for. simultaneous estimation are concentrations be¬ 
tween 10~ 5 and 10 -3 n. Under such conditions the majority of elements 
given in the table are well distinguishable on the polarographic curve; 
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process of 

the “molar” 

deposition potentia 

electro-reduction 

deposition potential 

IQ” 4 n. concentn 

AV" — Al 

— 1-660 v. 

- T76 v. 

Mn" -*■ Mn 

- 1-326 

— 1-50 

Cr " — Cr 

(- 1-2) 

— 1-38 

Fe" -*• Fe 

— 1-114 

— 1-27 

Co" — Co 

(- 0-9) 

- 1-20 

m" -+ m 

(- 0-7) 

— 1-06 

Zn" —*■ Zn 

— 0-865 

— 1-02 

Cr" — Cr" 

-0-6 

— 0-78 

TV — Tl 

— 0-151 

— 0-41 

Fe" -*■ Fe" 

+ 0-2 

— o-o 


however, ihe currents due to nickel and zinc coincide almost entirely 
and the “waves” of cobalt, iron and chromium practically coalesce 
into one. 

To avoid these ambiguities it was necessary to treat the whole 
ammonium sulphide group first chemically, by precipitating hydroxi¬ 
des of iron, chromium and aluminium with ammonia in the presence 
of ammonium salts thus separating zinc, cobalt, nickel and manga¬ 
nese in solution. As will be shown below, each of the two sub¬ 
groups then allows simultaneous analysis for its metallic constituents. 


Experimental. 

The ordinary polarographic arrangement has been used as describ¬ 
ed in previous communications of this series. An exceptionally sen¬ 
sitive Hartmann-Braun moving-coil mirror galvanometer has been 
used, giving 1 mm deflexion on the polarogram due to a current 
of IT X 10 -9 amp. (i. e. about ten-times more sensitive than usual). 

The solutions were prepared from pure guaranteed specimens; 
however, as only their dilute solutions were used, the purity did 
not much matter here. 

To remove the phenomenona of maxima 2 ) and to obtain invari¬ 
able saturation currents 8 ) on polarographic curves always lithium and 
barium chloride has been added to solutions to be about centinormal. 
Changes of concentrations and admixtures to the solutions were 
carried out in vessels from which air has been driven out by hy¬ 
drogen. 

For this purpose the burette and vessels as described in a previous 
communication 2 ) were used. In each group all possible combinations 
of mixtures containing the reducible ions were made, a. g. to a ferrous 
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salt solution was gradually added that of a chromic salt, then that 
of an aluminium salt and finally a mixture of both; after each addition 
a curve was taken. In this manner 124 combinations of all possible 
mixtures were examined, the results of which are described in the 
following two paragraphs. 

1. Solutions containing iron, chromium and aluminium salts. 

First qualitative and quantitative polarographic investigations were 
made concerning the deposition of single metals of this group. Thus 
the polarogram Fig. 1 shows the regular increase of the iron “wave” 
due to the deposition of ferrous ions from their dilute solution. The 
wave increases proportionally to the concentration, the concentration 
of 000095 m. giving rise to a “wave” 40 mms high, when the sensi¬ 
tivity of the galvanometer was decreased to Vioo • 
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Fig. 1. 

to 20 nett 0'05 n. BaCl, added: 

1. —, 2. 0'25 cc, 3. 0"5 cc, 4. 1 cc, 5. 2 ees of 0'02 m. FeCl 3 . 


At first glance the increase of the height of wave does not seem 
strictly proportional to the concentration; however, if the dilution by 
increase of volume of the solution be considered which takes place 
after each addition and amounts, after the addition of 1 cc to 20 ccs, 
already to 5°/ 0 , exact proportionality between the size of the “wave” 
and the concentration of reducible ions is ascertained. 

When all the other factors influencing saturation currents, viz. 
temperature, rate of dropping (per 3 sec.), excess of indifferent 
electrolyte {BaCl 2 and LiCT) are kept constant, our quantitative measure 
for ferrous salts is 46 mms corresponding to 0*001 m., if the sensi¬ 
tivity of the galvanometer used is reduced to Vioo exactly. 
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Identical polarographic “waves” at ca. — 1*3 v. were obtained with 
dilute solutions of ferrous ammonium sulphate, and even of ferric 
nitrate, although ferric ions are known to be reduced to ferrous ions 
at a considerably positive potential of -j- 0'2 v. (from the normal 
calomel zero). However, under the conditions as used by the present 
author, viz. when through the solution standing in contact with 
mercury hydrogen was bubbled for many hours, all ferric iron has 
been reduced to ferrous. Even if this reduction were not complete, 
i. e. if a considerable portion of ferric salt remained next to ferrous, 
the height of the “wave” at —1-3 v. would still furnish an exact 
quantitative measure for all iron present in the solution, since ferric 
ions are reduced electrolytically already at positive potentials (at the 
beginning of the curve), so that at the reduction stage near —1-3 v. 
all ions round the kathode are already ferrous. 



Fig. 2. 

to 20 ccs 0*05 n. liaCl^ added: 

1. —, 2. 0*5 cc, 3. 1 cc, 4. 2 ccs, 5. 4 ccs of 0'02 n. CrCl s , 


This double stage of reduction is, further, always encountered in 
electrolysis of solutions of the next metal in this group, viz. chromium. 4 ) 
The polarogram Fig. 2. shows the characteristic course of the curve 
in presence of chromic salts. At ca. — 08 v. the current begins to 
rise for the first time forming a “wave” of exactly half that height 
which is attained after the second rise of the current at ca. — V4 v. 
The first process is known to be that of 

Cr" + 1 F — Gr¬ 


and the second 


Cr" + 2 F 


Cr. 
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The total height of the two “waves” amounts in the solution, in 
which 2 cc of 0’02 n. CrCl 3 has been added to 20 ccs of the indifferent 
electrolyte, to 40 mms, just as in the previous case, when the same 
strength of ferrous solutions has been used. Thus here again a 0D02 n. 
solution produces a “wave” 46 mms high (sensitivity 1 / m ). 



to 20 ccs 0 - 05 n. BaCl 3 added: 

1. —, 2. 05 ccs, 3. 1 cc, 4. 2 ccs, 5. 4 ccs of 0‘02 n. AlCl 3 . 


The third metal of this group, aluminium, presents no difficulties 
in the electro-reduction at the dropping mercury kathode. 10 ) The polaro- 
gram Fig. 3. shows the aluminium “wave" increasing again strictly 



to 20 ccs O’OOl m. Fe(NH i ) 2 (S0 t ) 1 added: 

1. —, 2. 0'25 cc, 3. 0*5 cc, 4.1‘0 cc, 5. 2‘0 ccs of 0*02 n. AlCl s , 
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proportionally to concentration. The curve 4 has been obtained after 
an addition of 2 cc 0*02 n. AIC1 Z to 20 ccs and shows again a “wave” 
40 mms high; here the “wave” has to be measured from the begin¬ 
ning of the steep increase, since the bend before that voltage is 
caused by the deposition of hydrions due to hydrolysis. 

Next, binary mixtures were investigated. From these the couple 
iron-aluminium and chromium-aluminium presented no complication 
(e. g. see Fig. 4). However, the case when chromium and iron are 
simultaneously present leads to overlapping of waves. The polarogram 
Fig. 5 shows this behaviour. Additions of a ferrous solution to that 
of a chromic salt produce no new “wave” but merely an increase 
corresponding to the amount of ferrous salt added. Yet the second 
“wave” here cannot be mistaken for that of a pure chromic salt, since 
it is now more than twice as great as the first; thus if we subtract 
from the height of the second “wave” twice the height of the first 
one, the difference gives us a quantitative measure for the concentration 
of ferrous ions simultaneously present with chromic ions. 



to 20 ccs 0*02 n. CrCl 3 added : 

1.—, 2. 0-25 cc, 3. 0'5 cc, 4. 1 cc, 5. 1*5 cc of 0*02 n. Fe (lVH,) 2 (S0,), ■ 

Now all three metals of this group can be followed simultaneously, 
giving a curve of the type shown on the polarogram Fig. 6. Here 
to 0*001 n. CrCl 3 an equivalent mixture of ferrous ammonium sulphate 
and aluminium chloride is added; the “waves” on curve 1 are due 
to the electro-reduction of 0*002 n. CrCl s alone, the sum of their heights 
being 23 mms with V 200 sensitivity, agreeing with the 46 mms height 
observed with a sensitivity V 100 >' the curve 5 has been obtained after 
an addition of 2 ccs of the mixture to 20 ccs of the solution, so that 


3 
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the solution became equally concentrated r as regards the ions Cf“, 
Fe, AT", all being 0-0018 n. The total l^ejght is now 66 which is 
about three times the height of the first j« wave ”, j{ the 10°/ 0 dilution 
be taken into consideration. 



to 20 ecu 0-002 n. CrCl a added: 

1. —, 2. 0'25 cc, 3. See, 4. 1 ce, 5. 2 ccs of 0‘02 n. Fe(XH t ) 3 (S0 4 ) t , 0‘02 n. AlCl 3 . 

These relationships prove again the perfect additivity and inde¬ 
pendence B ) which holds in this special sort of electrolysis in simul¬ 
taneous deposition of ions from solutions containing mixtures of 
kations. 



to 20 ccs 0’1 m. BaCl t added: 

!• —> 2. 0-25 cc, 3. 0"5 ce, 4. 1 cc, 5. 1"5 cc, 6. 2 ccs, 7. 3 ccs of the mixture O'Ol m. 

ZnCl 2 , 0-01 NiC\. 
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2. Solutions containing salts of nickel, cobalt, zinc and manganese. 

In this group the coincidence of the deposition of zinc and nickel 
prevents to draw any qualitative estimation concerning mixtures of 
their salts. Polarogram Fig. 7. shows how the deposition “waves”, 
due to these two metals, are indistinguishable. Curve 6. has been 
obtained after 2 ccs of CK)1 m. NiCl 2 , ZnCl a were added to 20 ccs 
of the indifferent electrolyte; the height of the conjoint wave, taken 
with V200 sensitivity, is 40 mms, which means that again a millimolar 
solution produces a “wave” ca 44 mms high with x /ioo sensitivity. 

The couple nickel-cobalt is, however, distinguishable on the po- 
larographic curve 6 ),"') as evident from the polarogram Fig. 8. The 
couple zinc-cobalt gives results similar to the previous case. 



to 20 ccs Q’OX m. BaCl 2 added: 

1. —, 2. 0*25 cc, 3. 0*5 cc, 4. 1 cc, 5. 1*5 cc, 6. 2 ccs, 7. 3 ccs of the mixture 0*01 m. 

ma 2 , o*oi m. c f oci 2 . 

The couple zinc-manganese or nickel-manganese is very simple, 
as shown distinctly on the polarogram Fig. 9. The heights of the 
zinc as well as manganese “waves” are equal at equivalent concen¬ 
trations, amounting to 20 mms when 2 ccs of 0 01 m. MnCl 2 .were 
added to 20 ccs 0‘001 m. ZnCl 2 . This, when recalculated for the 
sensitivity Vioo, gives again waves 44 mms high corresponding to 
millimolar solutions. 

An example of polarographic analysis of a ternary mixture, con¬ 
taining zinc, cobalt and manganese, is shown in Fig. 10. The second 
and third “wave” cannot be mistaken, yet that of zinc could equally 
be that of nickel. Although an experienced polarographist would 

3 * 
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rather ascribe the first “wave” to zinc than to nickel, judging from 
the smoothly drawn part of the curve at —l'O v., which contrasts 
with the saw-like undulations on the curve in places where cobalt 
(and similarly nickel) is deposited, yet no precise indication could 



to 20 ccs 0 001 m. ZnCl 2 added: 

1. —, 2. Q'5 cc, 3, 1 cc, 4. 2 ccs, 5. 3 ccs, 6. 5 ccs of 0‘01 m. MnCL. 

be derived from such curves as regards possible admixtures of nickel. 
Therefore special investigations were made in order to determine 
by the polarographic method the amount of zinc and nickel separately. 



First the amphoterity of zinc hydroxide was made use of in 
precipitating the mixture of the whole group by excess of alkali, so 
that the basic hydroxides of nickel, cobalt and manganese were pre- 
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cipitated whilst that of zinc formed soluble zincate. The curve ob¬ 
tained after this precipitation showed the content of zinc by the 
height of the “wave” due to zinc deposition from the zincate solu¬ 
tion 8 ). Yet there are several inconveniences in this way of separation: 
first the precipitated hydroxides of nickel, cobalt and manganese will 
certainly occlude some of the zinc in solution, furnishing, moreover, 
a mechanical obstacle to regular dropping of the mercury kathode. In 
very dilute solutions, where large sensitivities of galvanometer are 
to be used, the slight yet distinct amphoterity of the hydroxides of 
cobalt and manganese 9 ) would interfere. Further, the diffusion current 
due to zincates is about twice as large as the diffusion current of 
zinc in acidic solutions, so that the heights of “waves” had to be 
recalculated after the addition of alkali both for the volume change 
as well as for the diffusion velocity change. 

Hence other re-agents were looked for which would transform 
zinc into a suitable complex from which it would deposit at a po¬ 
tential distinctly different from the other elements of this group, 
without causing any precipitation in solution. Fortunately enough 
oxalates were found to produce this desirable change. When a con¬ 
centrated solution of ammonium oxalate is added to a solution con¬ 
taining salts of nickel, cobalt and manganese, their deposition at the 
dropping mercury kathode is shifted very considerably to more ne¬ 
gative potentials so that their “waves” are almost indistinguishable 
from the current due to the decomposition of the ammonium salt.*) 
Yet the zinc complex seems much less stable as it sustains a shift 
of the deposition of zinc only by ca. 03 volt, which circumstance 
allows that a distinct and well-measurable “wave” is produced before 
the decomposition voltage of ammonium oxalate. Fig. 11. shows this 
complex zinc-oxalate “wave” which increases strictly in proportion 
to the amount of zinc present in solution and amounts to 44 mms 
when the 0001 m. zinc-solution is electrolyzed with x /ioo sensitivity. 

The use of oxalate thus not only avoids the precipitate formation 
but possesses a great advantage for quantitative estimation that the 
dimensions of the zinc “wave” remain unchanged when zinc ions 
enter the complex. 

According to this experience we may arrange the total analysis in 
the zinc, nickel, cobalt, manganese group as follows: The solution, 
to be analyzed, which may contain any anions (chlorides, sulphates, 


*) For further details and polarograms see the present author’s Dissertation, 
Charles’ University 1931. 1 
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etc. also nitrates excepting bromate and iodate), and should be only, 
slightly acidic, is freed from atmospheric oxygen by bubbling hydro¬ 
gen through it for several hours. This solution is then added from 
a*burette in the atmosphere of hydrogen to'a known amount of ca. 
Oi n. BaCh solution, which is investigated polarographically after 



to 20 ecs satur. sol. (.Y// 1 ) a 6’ 2 C i ,, added: 

1. —, 2. 0’5 cc, 3. 1 cc, 4. 2 ecus, 5. 3 ecs, 6. 5 cca, 7. 7 ccs of O'Ol m. ZnCl,. 

each addition until well measurable “waves” appear on the curves. 
The galvanometric sensitivity has to be chosen according to the 
degree of dilution of the constituents in the original solution. These 
curves indicate the content of cobalt and manganese each separately 
and the sum of nickel and zinc. Then the stopper of the electrolyzing 
vessel is removed and some crystals of pure ammonium oxalate are 
added, sufficient to make the solution practically saturated. Then 
again the curve is taken, which now records that height of the joint 
zinc-nickel “wave”, which corresponds to zinc alone, so that the con¬ 
centration of zinc may be measured directly and that of nickel as 
the difference between the original height of the zinc-nickel “wave” 
and that after the complex formation. Thallium, which also belongs 
to the same analytical sulphide group as metals here considered, is 
very easily distinguished by a well formed “wave” at about -0’4v; 
its electro-reduction does not coincide nor interfere with any depo¬ 
sition here discussed. 

The precision of such a quantitative estimation depends on the 
precision with which the height of a wave is measurable and con¬ 
stant; it lies within 5% of the absolute amount. Yet the sensitivity 
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is considerably great reaching down to concentrations 10~ 5 molar 
still with the unchanged precision of 5%. 

The author’s thanks are due to Professor J. Heyrovsky, who 
suggested this investigation and helped in working it out. 

Received June 15 th , 1931. The Physico-chemical 

Institute of the Charles' University, 
Prague. 


Summary. 

In the search for a systematic polarographic analysis aqueous 
solutions, containing elements of the ammonium sulphide group, 
were investigated to find conditions for a qualitative and quantitative 
estimation of several constituents simultaneously present The indi¬ 
cations are derived from current-voltage curves obtained in electro¬ 
lysis with the dropping mercury kathode. 

It has been found that in the subgroup iron, chromium, alu¬ 
minium the content of each of the three metals in solution may be 
simultaneously estimated. The solutions must be diluted to 10~ 4 till 
10~ 3 m. and be only faintly acidic. 

In the subgroup zinc, nickel, cobalt, manganese, under similar 
conditions cobalt and manganese are directly determinable, whilst zinc 
and nickel, depositing conjointly, are indistinguishable from each 
other; yet after the addition of ammonium oxalate nickel, cobalt and 
manganese form more stable complexes than zinc, which then alone 
causes a well measurable “wave” on the polarographic curve. Thus 
zinc is estimated directly and nickel from the difference. 
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POLAROGRAPHIC STUDIES WITH THE DROPPING MER¬ 
CURY KATHODE. — PART XXIV. - DISAPPEARENCE OF 
ADSORPTION CURRENTS AT THE ELECTROCAPILLARY 

ZERO POTENTIAL 

by J. HEYROVSKY and E. VASCAUTZANU. 

Introduction. 

From several reasons, repeatedly given, 1-9 ) two sorts of currents are 
distinguished, which constitute current-voltage curves recorded in 
electrolysis with the dropping mercury kathode: 

1. ‘‘diffusion” or “saturation” currents, which are limiting currents 
furnishing the practically horizontal portions on current-voltage curves 



A discontinuous maximum due to the electro-reduction of atmospheric oxygen 
in 0‘01 n. LiOH; curve a: drop-time 6'7 sec.; curve b: drop-time 3'2sec. 


(part JD Fig. 1). They are independent of voltage, depending only on 
diffusion velocity of reducible particles; at the applied voltage at which 
they occur the interface of the kathode is supposed to be exhausted 
from the reducible substance, which is imagined to reach it by diffusing 
through the exhausted layer. The current is thus limited by diffusion 
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velocity; considerable polarization of the kathode is here ascribed to 
“concentration polarization.” The “diffusion” currents are strictly propor¬ 
tional to the concentration of reducible matter. 

2. “adsorption” currents, furnishing the ascending portion of 
a maximum on current-voltage curves, a phenomenon which is repro¬ 
ducible only at a dropping mercury kathode (part A, Fig. 1). They 
strictly change according to Oh m’s law and are consequently influenced 
by resistance in the electrolyte and circuit. “Adsorption” currents are 
termined at a certain applied voltage by an acute (31, Fig. 1) or 
rounded (see Fig. 3) maximum; at still greater voltage the current 
changes to that of “diffusion”, discontinuously or continuously. If the 
applied voltage is decreased down to zero, the same phenomenon 
appears (see the left hand side of polarogram Fig. 1); in this reversed 
polarization only the portion D is somewhat longer than in the curve 
obtained by increasing the applied voltage from zero to 0*9 volt 
(comp, the right hand side of polarogram Fig. 1). However, the curves 
with rounded maxima coincide exactly, whether repeated with in¬ 
creasing or decreasing applied voltage. There might be several — 
acute or rounded — maxima on one current-voltage curve. 6 ) Practi¬ 
cally no increase of polarization occurs during the “adsorption” 
current. 6 ) The maximum of the current is neither proportional to 
the reducible matter in solution nor to the “diffusion” current 
which follows. The shape of the curve is, of course, independent 
of the velocity with which current is recorded, L e. no time effect is 
observable. 

Curves showing “adsorption” currents with maxima are easily trans¬ 
formed into curves with “diffusion” currents only, whilst maxima are 
suppressed. Such a suppression of maxima is effected by very small 
amounts of adsorptive substances, like soap, organic dyes, aromatic com¬ 
pounds, adsorbable electrolytes, or by large concentrations of surface 
inactive electrolytes. This suppressive activity may be expressed by 
the dilution in which the maximum current is lowered to its half 
value. About this suppressive activity the same rule has been found 
to hold 2 ) 6 ) as in the precipitation of suspensoids (lyophobe colloids) 
viz. that the suppressive activity increases greatly with the va¬ 
lency of the adsorbable ion, following the Hardy-Schulze’s 
relationship. 

The analogy is found to go so far that even “negative” maxima 
are distinguished, which — like negative colloids — are thrown 
down by adsorbable kations, whilst anions effectively suppress 
“positive” maxima. This polarity of maxima is derived 6 ) according 
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to the position of maxima at kathodic potentials more positive or 
more negative than the “electrocapillary” or “absolute zero” poten¬ 
tial, which corresponds to the maximal interfacial tension of polarized 
mercury. This occurs in solutions of chlorides, sulphates or nitrates 
at — 0*56 v. from the normal calomel zero and is usually determined 
from the voltage corresponding to the apex of the “electrocapillary 
parabola” (surface-tension —- kathodic potential curve). At potentials 
more positive than the “electrocapillary zero” the interface is supposed 
to be positively charged and hence anions are there effective, ad¬ 
sorbing at the oppositely charged surface and hereby lowering the 
“adsorption maximum”. On the other hand maximal currents arising 
at kathodic potentials which are more negative than the “electro¬ 
capillary zero” are especially sensitive to the presence of di- or tri- 
valent kations, being easily suppressed according to the Hardy- 
Schulze rule. 

Obviously the adsorbed ions or molecules lower the current by 
adsorbing to the kathodic interface and hereby pushing out the 
reserve of reducible matter adsorbed there. 

According to this picture maximal currents must be due to electro¬ 
reduction of matter, which accumulates at the interface by adsorption- 
Indeed reducible substances which are known to be considerably 
adsorptive i. e. “surface active” produce in electrolysis on current-voltage 
curves most prominent maxima (e. g. ions of heavy or high-valent 
metals, aromatic nitro-derivatives, unsaturated organic acids, whilst not 
adsorptive, “surface inactive”, substances lead on electrolysis to ordi¬ 
nary diffusion currents (e. g. monovalent light metals, acetaldehyde 
hydrogen peroxide). 

Thus the general rule holds that substances, which — when electro- 
reduced — cause on current-voltage curves prominent maxima, also 
effectively suppress maxima due to other reducible substances; on 
the other hand substances, which when reduced do not cause any 
maxima on curves but lead merely to “diffusion” currents, are in¬ 
effective in suppressing maxima due to the reduction of other sub¬ 
stances. Without adsorbabiiity there cannot be any maximum deve¬ 
loped, nor can this be suppressed without adsorbable matter. 

Basing on these facts authors 8 ) R ) 9 ),were able to deduce adsor- 
babilities of various substances e. g. in the series of fatty acids, 8 ) 
organic dyes, 9 ) inorganic anions, 6 ) the results agreeing with those 
derived by other methods. 

For these reasons the maximal currents are termed “adsorption” 
currents. 
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Experimental. 

The aim of this investigation was to follow the phenomena at the 
transition of “positive” maxima into the “negative” ones. This idea 
occurred to the present authors in the estimation of the adsorbability 
of kations according to the series of electro-deposition potentials 
shown at the dropping mercury kathode. Thus mercuric, cupric, thal- 
lous, plumbous ions, depositing at potentials by Q'2 to 0‘6 v. more 
positive than the “electrocapillary zero” were ascertained to cause by 
their deposition very prominent “positive” maxima; on the other hand 
zinc, nickel, cobalt and manganese, depositing at potentials 0’4 to 0'9 v. 
more negative are known to lead to prominent “negative” maxima. 
The curves were obtained in the usual polarographic manner; all solu¬ 
tions were electrolysed in absence of atmospheric oxygen and additions 
made in the atmosphere of hydrogen. 

An interesting case occurred in the electrolysis of solutions of 
cadmium chloride or sulphate, which although concentrated sufficiently 
as the above solutions giving marked maxima, exhibited no maxima 
on current-voltage curves, but merely diffusion currents. This striking 
fact was first ascribed to some unknown impurity, which might have 
suppressed the maximum due to the deposition of cadmium. Yet 
carefully purified specimens of these salts, just as original Kahl- 
baum and Merck samples “pro analyst” ^always gave solutions 
yielding no maximum on the polarographic curve. 

In accordance with these results older polarograms were found*) 
confirming this exception to hold. Yet other cadmium solutions than 
those of chlorides or sulphates give on electrolysis curves with ma¬ 
xima accompanying the “wave” of electro-deposition of cadmium. 
Thus Fig. 2 shows how a gradual addition of ammonia changes the 
“diffusion” current due to the deposition of cadmium ions into an 
“adsorption” current terminating in an acute maximum. Now ammonia 
forms complexes with cadmium ions and this consequently causes 
a shift of the deposition potential of cadmium to more negative 
values. Thus the cause of the appearance of a maximum has here 
to be ascribed to the change of the kathodic potential. This becomes 
at once comprehensible when we consider the deposition potential 
at which cadmium deposits at the dropping mercury kathode from 
dilute solutions of chloride or sulphate: it is — 0'51 to —O'56 v. from 
the normal calomel zero, i. e. almost coinciding with the “electro¬ 
capillary zero”. The deposition of cadmium ions furnishes thus the 

*) V. Nejedly, Dissertation, Charles University, 1927. 



transition from the “positive” maxima to the “negative” ones and the 
experiments show that at this transition, i. e. at the “absolute zero”, 
no adsorption phenomena are displayed, which signifies that under 
that condition adsorptive forces must vanish. 

There are two ways in which can be experimentally proved that 
no adsorption is displayed at the “electrocapillary zero”, i. e. at the 
maximum of interfacial tension of polarized mercury: 

1. by shifting the deposition potential of ions over the “electro¬ 
capillary zero” potential, and 

2. by shifting the “electrocapillary zero” potentials over the de¬ 
position potential of the reducible substance. 

In each of these two cases the transition phenomenon has to 
be encountered, viz. the disappearance of maximum. 



9 A 




Fig. 2. 


Shifting the deposition potential over “ electro capillary zero'’. 

An example of this furnishes already Fig. 2..The deposition po¬ 
tential from 10 -4 m. CdSO^ is — Q‘565 v., 10 ) coinciding with the “electro¬ 
capillary zero”; in ammoniacal solution the deposition potential of 
cadmium is shifted to — 0'7 v. Thus the first drops of ammonia 
place the deposition current to the negative branch of the electro¬ 
capillary parabola and hence a “negative” maximum arises. 

Cadmium salt solutions containing an excess of alkali cyanide 
furnish polarographic curves showing also distinct maxima. This is 
well comprehensible since cadmium deposits in such complex cyanide 
solutions at about — VO v. from the calomel zero, i. e. at ca — 0*3 v. 
from the “electrocapillary zero”. 
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Polarogram Fig. 3 has been obtained in using this shift of the 
deposition potential. In the presence of a trace of iodide ions solu¬ 
tions of cadmium nitrate show a prominent “positive” maximum, the 
cause of which will be explained below. A concentrated solution of 



potassium cyanide was now added by drops to this solution, con¬ 
verting free cadmium ions into cyanide complexes. The deposition 
potential was thus made more negative, first coinciding with the 
“electrocapillary zero” — in which case the maximum disappeared 



entirely — and after more additions, becoming considerably negative 
and causing thus a “negative” maximum on the curve. 

Yet cadmium is not the only substance which can be electro- 
reduced in the neighbourhood of —Q-56 v. from the calomel zero. 
E. g. lead is deposited from its simple salt solutions at about — 0 - 4 v. 
and from zincate at about —0‘7 v. from the calomel zero. Hence 
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on converting a plumbous solution into that of a plumbite, the 
“electrocapillary zero” deposition potential must be overstepped and 
thus a change of the positive into a negative maximum encountered. 
That this is so is shown in Fig. 4. 

The addition of 0 - 75 cc of n. KOH was sufficient to shift the 
deposition potential of lead so near to the “electrocapillary zero” 
that the “adsorption” current entirely vanished. The height of the 
“diffusion” current varies here owing to a partial precipitation of 
plumbous hydroxide. 



Shifting the “electrocapillary zero" over the deposition potential. 

Another method to effect the transition of “positive” to “negative” 
maxima is based on the known experience that the “electrocapillary 
zero” represents no constant potential, but that it is largely influenced 
by adsorptive substances, notably iodides, thiocyanates and sulphides, 
which are able to shift the apex of the electrocapillary parabola by 
0 - 2 to 05 v. towards more negative potentials. 

Fig. 5 shows the effect of such a shift of the “electrocapillary 
zero” due to small additions of potassium iodide. The simple “satu¬ 
ration” current, which accompanies the deposition of cadmium from 
its chloride solution changes in the presence of traces of iodide 
into an “adsorption” current, because the “electrocapillary zero” is 
by this addition far removed from the deposition potential and the 
interface is again positively charged. 

The small traces of iodides which suffice to evoke the maximum 
indicate that not the complexity of cadmium iodide formed but the 
shift of the “zero” is the real cause of the appearance of the maxi¬ 
mum. 
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This shift of the “electrocapillary zero” explains further why 
electrolysis of any solution of cadmium iodide causes a very marked 
maximum on the current-voltage curve {see Fig. 6) whilst electro- 
deposition from chlorides and sulphates of cadmium is never accom¬ 
panied by a maximum. 



Solutions of cadmium nitrate equivalent to those of chlorides or 
sulphates show a small maximum, no doubt owing to the very, 
slight suppressive activity of nitrate ions (comp. 6 )). 



Thiocyanates produce the same effect as iodides. Fig. 7. illustrates 
this showing tfie gradual development of a prominent positive 
maximum, whilst the “electrocapillary zero” is shifted to the right 
The disappearance of the small maximum observable on the curve 
of the pure cadmium nitrate solution suggests that this first maxi¬ 
mum was negative. 





In a similar manner a maximum may be evoked on the current-""' 
voltage curve showing the reduction of chromic ions to chromous 
at —0‘6 v. or the reduction of maleic acid at —0‘58 v. The latter 
case, pointed out by Dr. Herasymenko, is illustrated by Fig. 8. 
The acute negative maximum, which accompanies the electro¬ 
reduction of maleic acid at the dropping mercury kathode vanishes 
entirely when the “zero’’ is placed to more negative potentials so 
that it coincides with the reduction potential of this unsaturated 
acid; as soon as the “zero” becomes still more negative, a positive 
maximum develops. 



The proof of the disappearance of the “adsorption” current in 
the case of the reduction of fumade acid is of importance, as it 
shows that at the “electrocapillary zero” adsorption vanishes also 
for nonelectrolytes. It has been deduced u ) that in electrolysis of 
■acidic solutions of maleic acid (0 02 m. in n. HCl) only undissociated 
molecules are reduced; the absence of any adsorption current when 
this reduction potential coincides with the “electrocapillary zero" thus 
proves that not only ionic but even molecular adsorption ceases, 
when the electrode interface changes its sign, i. e. when it is not 
electrical. A special investigation of the adsorption of organic dyes 9 ) 
furnishes further evidence that near the “electrocapillary zero” 
adsorption of the dye molecules is considerably lessened. 

Conclusions. 

The disappearance of polarographic “adsorption” maxima at the 
kathodic potential of maximal interfacial tension of mercury proves 
conclusively that this phenomenon of maximum. has been rightly 
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ascribed to the" action of adsorption, and that it is not due to some 
complication in charging the dropping mercury kathode. 

Thus the “adsorption” current is furnished by discharging the 
ions which are adsorbed at the interface, and stored there by adsorption, 
whilst during the “diffusion” current ions have to diffuse tq the 
interface which is already exhausted. 

The cause of the polar adsorption must be a potential drop at 
the kathodic interface which changes sign at the “electrocapillary 
zero”. It is thus a Freundlich’s adsorption potential, f, which 
stretches from the electrode surface into the mobile interior of solution. 
This electrokinetic f potential is, of course, widely different — although 
interdependent — from the. thermodymic Nernst’s electrolytic po¬ 
tential; we are consequently not justified in drawing any conclusions 
about the “absolute zero” potential from the phenomena of electro¬ 
capillarity of mercury, which rather belong to electrokinetics. 

The dropping mercury kathode furnishes a continually renewed 
electrode surface; if on each mercury drop reducible matter can adsorb, 
in an amount sufficient to form a reserve for the electro-deposition, 
the adsorption current is constituted. 

Such a reserve may be stored, i. e. the electrode can remain 
unpolarizable only at such voltages, at which the current density i. e. 
the rate of electrodeposition per unit area is not greater than the 
amount adsorbed per unit time to unit area. Let us denote the latter 
quantity as “rate of adsorption”. Then the condition for the maximal 
current is that voltage at which the current density is slightly less 
than the rate of adsorption (expressed in electro-chemical equivalents). 

Now experience has shown that a maximal current is easily 
transformed into the “diffusion” one by the addition of other surface- 
active substances, which accumulate at the electrode interface. This 
suggests that in the change of the maximal current to the diffusion 
one is provoked by a similar action. As soon as the voltage of the 
maximum is overstepped, the rate of electro-deposition surpasses the 
rate of adsorption, in consequence of which an exhaustion of the 
reducible ions ensues at the interface. At this instance other adsorbable 
particles, which are not reducible at that voltage, fill up the places 
of the removed ions and thus keep the surface of the kathode almost 
free from the depositing ions. Thus “concentration polarization” is 
maintained and the current is furnished only by the ions which diffuse 
through the exhausted interfacial layer. 

The particles which are supposed to cover the surface adsorbing 
to it firmly under the gradiant of the f potential might be ions of 

A 


4 
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other electrolytes present in the solution or even molecules of water, 
which — owing to their dipole character — are liable to be drawn 
into the electric field at the kathodic interface and remain there de¬ 
formed by polarization. 

The authors are obliged to Mr. L. Sch waer for the preparation 
of some polarograms. 

Received Jan. 21st. 1931. 
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Summary. 

The characteristic reproducible maxima which appear on current- 
voltage-curves in electrolysis with the dropping mercury kathode, 
arising at various kathodic reduction potentials, disappear when the 
reduction potential of the reducible substance coincides with the 
potential at which the interfacial tension of polarized mercury is 
maximal. 

At this “electrocapillary zero potential”, which is in solutions of 
chlorides or sulphates at — 0 56 v. from the normal calomel zero, 
cadmium deposits causing on the polarographic curve merely a simple 
diffusion “wave”; this is, however, converted into a maximum, if 
reagents are added which either change the deposition potential of 
cadmium (e. g. cyanide or ammonia), or which change the position 
of the “electrocapillary zero” (e. g. iodide or thiocyanate). In this 
way “positive" maxima can be changed in “negative 1 *, disappearing 
at the transition. 

The same has been found to hold in the electro-deposition of 
elements which deposit near — 056 v., e. g. lead and chromium. 
Even maxima due to electro-reduction of undissociated molecules, 
e. g. of maleic acid, disappear entirely, as soon as their reduction 
potential coincides with the “electrocapillary zero”. 

These phenomena demonstrate that adsorption at an electrode 
vanishes at the kathodic potential, at which the movable part of the 
interfacial potential changes sign. 
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SUR LA PREPARATION DU 1.5- ET DU 1,8-DIMETHYL- 

NAPHTALENE 

par V. VESELY et F. STURSA. 

(Execute avec l’aide de la Masarykova Akademie Prace.) 

Dans la communication precedente 1 ) il a ete signale que F. Mayer 
et A. Sieglitz 3 ) avaient obtenu Ie 1.2-dimethyl-naphtalene ^ partir 
du l-bromo-2-methyl-naphtalene, en dedoublant le bromure de 2-methyl- 
1-naphtyl-magnesium sous Faction du sulfate dimethylique. La methode 
dont ces auteurs s’etaient servis a ete trouvee par A. Werner et 
F. Zilkens 8 ) et simulfanement par J. Houben. 4 ) Occupes d’une etude 
systematique de cette reaction, nous avons reussi a obtenir ainsi 
plusieurs dimethyl- et trimethyl-naphtalenes inconnus jusqu’ici. Les 
essais entrepris a ce sujet n’etant pas encore termines, nous nous 
bornons a decrire pour Ie moment la preparation du 1.5- et du 1.8- 
dimethyl-naphtalene. 

1 . 5-Dimethyl-naphtalene. — 1'8 gr de magnesium en tournures tres 
fines et 50 cc. d’ether anhydre sont introduits dans un ballon muni d’un 
refrigerant a reflux, d’un agitateur et d’un tube pour faire passer 
1’azote. Afin que Ie metal entre facilement en reaction, on ajoute 
d’abord quelques gouttes d’iodure de methyle. Lorsque la reaction 
devient vive, on laisse tomber goutte & goutte, avec agitation, 17 gr 
de l-methyl-5-bromo-naphtalene. B ) Pour eviter l’acces d’air, on effectue 
I’operation dans un courant d’azote. La reaction se faisant avec degage- 
ment de chaleur, on ne commence a chauffer que vers la fin. La dis¬ 
solution du magnesium terminee, on laisse refroidir, apres quoi on 
ajoute, goutte a goutte et avec agitation, une solution 6ther£e de 
12 gr de sulfate dimethylique. Le melange s’echauffe alors spontan- 
nement et se prend bientot en une masse epaisse. On chauffe le 
produit rdactionnel pendant 2 heures au bain-marie et on le decom¬ 
pose par H. 2 S0i dilue (1:5). La liqueur etheree est s^paree dans un 
entonnoir a robinet, et dessechSe par du sulfate de sodium anhydre. 
Apres evaporation du dissolvant, le residu se presente sous forme 
d’une huile qui se prend, apres un jour, partiellement en cristaux. 



431 


Le dim6thyl-naphtalene obtenu esi separe par essorage du liquide 
oleagineux, et purifie par eniramement a la vapeur d’eau. Cristallise 
dans l’alcool methylique etendu, il forme des lamelles nacrees, subli- 
mables, d’une odeur caracteristique, tres faciiemenf solubles dans la 
benzine de pefrole, fusibles a 77—78°. Rendement 3-8 gr. 

Analyse: 

Substance 0-1673 gr, C0 2 0-5656 gr, tf 2 0 0-1206 ..gr.. : 

Calcule C 92-30%, H 7 : 70°/ 0 . 

Trouve G 92-19%, H 8-00%. 

Le picrate, obtenu par melange, en solution alcoolique, de quan¬ 
tiles equivalentes d’acide pierique ef de 1.5-dimethy!-naphtalene, est 
en longues aiguilles jaunes, fondant a 137—138°. 

Analyse: 

0-2060 gr d’acide pierique, 913 cc. de N/ 10 NaOH, 

0-2060 gr de picrate, 5-34 a. de JV/10 iSTaOlf. 

C x9 ,H lh O-,N z : Calcule: teneur en acide pierique 59-5%• 
Trouve: » » > » 1 58-5% 

1.8-Dimethyl-naphtalene. — Nous avons prepare ce corps en suivant 
exactement le mode d’obtention decrit h propos de la preparation 
du 1.5-dimethyl-naphtaIene. En partant de 1-7 gr de l-methyl-8-bromo- 
naphtalene nous avons obtenu 0 - 4 gr d’une huile qui ne se solidifiait 
pas a —20°. L’hydrocarbure a ete transform^ en picrate, qui cristallise 
dans Palcool en petites aiguilles jaunes, fondant a 143—144°. Melange 
au picrate du 1-methyl-naphtalene, fusible a 141—142°, il montre une 
depression du point de fusion considerable, ce qui prouve que les 
deux corps ne sont pas identiques. 

Analyse: , 

0-1039 gr d’acide pierique, 4 99 cc. de JV/10 NaOH, 

01039 gr de picrate, 2-95 cc. de 2V/10 NaOH. 

6' 18 H 15 0 7 2V 3 : Calcule: teneur en acide pierique 59-5%. 

Trouv6: » » » » 59-1%. 

Laboratoire de Chimie organique 
d VEcole Polytechnique tcheque de Brno 
( Tchecoslovaquie). 
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OBSERVATIONS VARXEES SUR LES HYDRAZONES 
ET OSAZONES SUCKEES 

par E. VOTOCEK et F. VALENTIN. 1 ) 

Caracterisationdes composants sucres des hydrazones 

et osazones. 

[.’identification des hydrazones et osazones dans le diagnose des 
sucres s’effectue ordinairement en determinant le point de fusion et 
le pouvoir rotatoire. Toutefois, on ne se contente generalement pas 
de la determination des dites constantes. Si Fon dispose d’une quantite 
suffisante de substance, on tache plutot d’operer encore 1’identification 
du sucre a l’etat libre, ce qui se fait ordinairement apres dedoublement 
de 1’hydrazone au moyen de la methode a l’aldehyde benzo'fque 
(Herzfeld) ou a l’aldehyde formique (Ruff et Ollendorf). 

Si la quantite d’hydrazone disponible est par trop faible, la mise 
^en Iiberte du sucre n’est point commode. En pareil cas, on peut 
toutefois aisement reconnaitre au moins la serie a laquelle appartient 
le composant sucre, si Fon soumet Fhydrazone, ainsi que le montra 
l’un de nous 2 ) il y a bien des annees, a la distillation avec de l’acide 
chlorhydrique dilue (le mieux a 12%). 

Les hydrazones a base de pentose donnent du furfurol, celles 
a base de m&hylpentose, du methylfurfurol, celles enfin a base d’hexose, 
ni Fun ni Fautre. Le furfurol du distillat chlorhydrique se laisse 
facilement reconnaitre par la phloroglucine -f HOI, avec lesquels il 
donne un precipite presque noir, le methylfurfurol fournit d’une 
maniere analogue un precipite rouge, le distillat chlorhydrique d’une 
hydrazone hexosique, enfin, n’est pas precipite par le reactif phloro- 
glucinique. 

‘) Publie en langue serbocroate aI’»Arhiv za Hemiju i Farmacijus annee 1Q31, n° 4. 

3 ) E. Votocek: Prispevek ku rozpoznavani cukrfi (Contribution au diagnose 
des sucres), Listy Chemicke 1902, XXVI, 122. 
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Void quelques essais a litre documentaire: 

Volume 

Mis en osuvre du distillat 

chlorhydrique 


Apres addition 
de phloroglucine 


0 33 gr de benzylphenylhydrazone 

d’arabinose l . 

0 - 2 gr de benzylphenylhydrazone 
de xylose d ...... 

0-3 gr de benzylphenylhydrazone 

de galactose d . 

0'3 gr de benzylphenylhydrazone 

de rhamnose l . 

0'3 gr de benzylphenylhydrazone 
de rhodeose (extrait de 

jalapine).. . 

0-3 gr de benzylphenylhydrazone 
de rhodeose (extrait de 
convolvuline). 


180 cc. precipite noir abondant 
180 cc. precipite noir abondant 
180 cc. pas de precipite 
180 cc. precipite rouge abondant 

180 cc. precipite rouge abondant 

180 cc. precipite rouge abondant 


Comme on le voit, la sensibilite de Pessai est considerable. Eile 
se laisse d’ailleurs augmenter si le premier distillat chlorhydrique est 
soumis a une nouvelle distillation sur du sel marin: Dans un cas 
donne, 0-06 gr de methylphenylhydrazone de rhamnose (provenant 
de la solanine) ont ete distilles avec de l’acide chlorhydrique it 12% 
jusqu’a ce que le volume du distillat eut atteint 180 cc. C e distillat 
a ete sature de sel marin, puis distille a nouveau. Au premiers 10 cc.' 
recoltes on a ajoute un peu de phloroglucine pulv^risee. Au bout 
d’un certain temps on vit apparaitre un precipite tres nettement rouge 
de phloroglucide de methylfurfurol. 

En un mot, dans l’execution microchimique de la methode il suffit de 
quelques centigrammes d’une hydrazone pour reconnaitre exactement 
la classe a laquelle appartient le sucre entrant dans sa composition. 

Des osazones, qui naissent, elles, a partir deS sucres reducteurs par 
un processus a la fois d’oxydation et de condensation, on ne saurait 
evidemment regenerer le sucre initial, ni par la methode a la benzal- 
dehyde ni par celle a la formaldehyde. En accord avec cel a les osazones 
de pentoses ou methylpentoses simples, c’est4-dire non hydrolysables, 
ne donnent, lors de la distillation avec 1’acide chlorhydrique, ni furfural 
ni methylfurfurol. II en est autrement pour les osazones derivees de 
diglucoses, car dans leur formation Pun des composants sucres reste 
inattaque. Les experiences que nous avons effectu£es avec des osa¬ 
zones de ce genre nous ont convaincu que la distillation avec de 
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l’adde chlorhydrique a;l2°/ 0 se prete tout aussi bien ala d6termination 
des composants pentosique ou methylpentosique des osazones k base 
de diglucose qu’S celle de ces sucres dans ies osazones derivees des 
pentoses ou m€thylpentoses simples. Voyons quelques exemples: 

Lorsque nous avons distill^ avec de l’acide chlorhydrique a 12% 
la phgnylosazone du rhamnoglucose (diglucose que nous avons 
prepard en faisant agir du glucosate de potassium sur l’acetobromo- 
rhamnose), done une osazone de structure suivante: 

• %% 2 0 4 . 0{C\Hr;0 s ) . C — GH~N. NHC G H n 

n—nhc,h 5 


composant 
rbamnosique 
non attaque 


. . ... 

composant glucosique 
osazonise 


nous avons obtenu, ainsi que nous le prevoyions, un distillat ren- 
fermant du methyifurfurol. 

Une distillation analogue operee avec la phenylosazone du prim- 
verose: 8 ) 


C- o H 10 0 4 . 0{G 4 H,O a ). C — CII=N . NHCJIs 


N—NH0 6 1L o 


composant 
xylasique 
non attaque 


composant glucosique 
osazonise 


a donnd un distillat riche en furfurol. 

Notre methode d’analyse des osazones derivees de diglucoses 
permet done de decider si le composant pentosique ou methyi- 
pentosique du diglucose initial est porteur ou non de la fonction 
r£ductrice (pseudocarbonylique). D’ou il ressort que la reaction des 
hydrazines avec les sucres ne sert pas seulement au diagnose et 
k I’isolement de ces derniers, mais permet encore de rSsoudre des 
questions relatives & leur structure. 

Sur un autre exemple nous allons montrer que le composant 
sucre inattaque d’une osazone de diglucose se laisse reveler aussi 
par la vole d’hydrazone apres d^doublement prealable, au moyen 
d’un acide approprie, de 1’osazone en ses constituants sucres: le monose 
et la monosone. Dans le cas ou le monose mis en liberie est sus¬ 
ceptible de donner une hydrazone aisement reconnaissable, le de- 


3 ) Nous devons un echantillon de ce sucre precieux a I’amabilite de M. Ie pr.o- 
fesseur Marc Bridel a Paris a qui nous adressons id nos meilleurs remerdments. 

\ 
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clement du sucre ne presente aueune difficult^. Nous avons opere 
une telle scission sur la phenylosazone du lactose, et en effet nous 
avons pu determiner son constituant galactosique au moyen de la 
methylphenylhydrazine. Void la description de 1’experience: 

2 gr de phenylosazone de lactose finement pulverisee ont ete 
introduits a la temperature ordinaire dans 15 cc. d’acide chtorhydrique 
concentre. Le corps entrait facilement en solution par simple agitation. 
Le liquide brun rouge separait bientdt de petits cristaux incolores 
qui se sont reveles etre du chlorhydrate de phenylhydrazine. Apres 
6 heures de repos, le filtrat acide a ete sature d’acetate de sodium 
pour neutraliser l’acide mineral, puis epuise a 1’ether d’abord en 
solution acide (acetique) et & la fin apres neutralisation a la soude 
diluee (indicateur phenolnaphtaieine). Apres concentration et Pecarte- 
ment de l’acetate de sodium separe, le filtrat a ete additionne de la 
quantite de methylphenylhydrazine exigee theoriquement par le ga¬ 
lactose mis en liberte. En un temps assez court, il s’est depose de 
la methylphenylhydrazone de galactose cristallisee, qui montrait apres 
une seule cristallisation dans Palcool k 96°/ 0 le point de fusion exact 
de 190 a 191°. 

Notre experience confirme une fois de plus que dans la molecule 
du lactose le composant galactosique n’est pas porteur de la fonction 
reductrice engagee dans la formation des osazones. 

Pouvoir rotatoire de la phenylosazone de lactose et 
de son derive anhydrique. 

La litterature ne presente pas de donnees precises a ce sujet. 
E. Fischer se contente de dire que la phenylosazone de lactose est 
levogyre en solution dans Pacide acetique anhydre. Neuberg ne lui 
trouve, en solution pyridino-alcoolique, qu’une rotation insignifiante 
(voisine de zero). 

Ces Iacunes nous ont incite a determiner le pouvoir rotatoire de 
Posazone en question dans un solvant qu’on peut considerer comme 
neutre vis-a-vis des osazones, en Pespece dans Palcool methylique. 
La mesure a ete operee sur un saccharimetre F rid en employ ant 
Parc voltaique comme source de lumiere. 03045 gr d’osazone de 
lactose, dissous dans 50 cc. d’alcool methylique, ont tourn6 [d\ D — —-25 , 4° 
en solution fraiche, [a\ D — — 7 - 9° apres un repos de 9 heures. Le 
pouvoir rotatoire est done fonction du temps ecouie apres la dissolution. 

Pour Panhydrophenylosazone de lactose on pouvait s’attendre 
a. un pouvoir rotatoire bien plus considerable, etant donne que la 
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molecule presente certainement un heterocycle (oxygene ou azofe). 
C’est ce que la mesure a confirme: 0-2540 grde cette osazone anhydrique, 
dissous dans 50 cc. d’alcool methylique, ont montre [a] D — — 120‘5° 
sans aucune »mutarotation« preaiable. 

Mise en liberie des sucres au moyen de la benzaldehyde 

p - n i t r e e. 

Chez certaines hydrazones sucrees le dedoublement a la benzalde¬ 
hyde en milieu hydroalcoolique est loin d’etre quantitatif du premier 
coup. 11 n’est plutot que partiel, de sorte qu’il faut, apres la separation 
de la benzyiidenephenylhydrazone par filtration, r6peter Ie dedouble¬ 
ment deux ou mSme plusieurs fois pour extraire a l’etat libre la totality 
du sucre. II en est ainsi, par exemple, lors de l’extraction du rhodeose 
de sa methylphenylhydrazone. 

En pareil cas, la benzaldehyde jp-nitree convient mieux, et cela 
pour les deux raisons que void: 1. elie donne des hydrazones moins 
solubles que ne le sont les hydrazones correspondantes de la benzal¬ 
dehyde simple, ce qui favorise evidemment le dedoublement de 
I'hydrazone sucree, 2. les cristaux de l’hydrazone j)-nitrobenzylidenique 
fonr.ee possedent une couleur rouge intense et se laissent — grSce 
a leur couleur — ais£ment distinguer des cristaux de I’hydrazone 
sucree presque incolore, ce qui permet de reconnaitre le degre de 
dedoublement et rend plus facile la separation des produits. 

Un essai fait, en milieu hydroalcoolique, avec la |»-nitrobenzaldehyde 
et la methylphenylhydrazone de rhodeose fit voir qu’apres 4 heures 
d’ebullition dans un bain-marie la totalite du rhodeose est mise en 
liberte, en d’autres termes, que la scission est pratiquement quantitative. 

Deplacement des restes hydraziniques 
dans les osazones. 

Dans une serie de travaux Tun de nous demontra, il y a bien 
des annees, que les radicaux hydraziniques des hydrazones se laissent 
deplacer par d’autres groupes d’hydrazine, s’il peut se former par 
double decomposition une hydrazone moins soluble. Or, de tels 
deplacements ont lieu meme avec les osazones, il est vrai avec 
moins de facility que dans le cas des hydrazones. lei encore la re¬ 
action a lieu & la condition que la nouvelle osazone soit plus diffi- 
cilement soluble que l’osazone initiale, et fournit une osazone soit 
simple, soit mixte, suivant qu’un seul ou les deux radicaux hydra¬ 
ziniques ont et£ deplac£s. C’est ainsi que la methylphenylosazone 
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de fructose, chauffee en milieu hydroalcoolique avec un exces d’acetate 
de phenylhydrazine, donne la phenylosazone ordinaire du glucose 


' CH=N. N* 

C=N.N< 

(CH.OH) s 


^ CH a 

'O 

CH S 

o 


h 2 n.nh<C) 

H,N.NH O 


CHaOH 

methylphenylosazone phenyl- 

ae fructose hydrazine 


OH~N. NH\_y> 


c—n.nhC 


(GH.0H) 3 

cu 2 oh 


phenylosazone 
de glucose 


2 ILN,N< 



methylphenyh 

hydrazine 


Par contre, lorsqu’on traite la dite methylphenylosazone par un 
exces d’acetate de jp-bromophenylhydrazine, on obtient i’osazone mixte 
methylpheny!o-j)-bromophenylee: 


nil 

CH=N.N<Q^ 

| n )r / + h 2 n.nikJ)Bi- 

c=n.n<cA% 

I v_/ 

(CH.011% 

I 

CILOH 

osazone simple 


CII—N. NH\_)13>- 
C=N. N<°~* 

I 

{CH. OH), 

CILOH 

osazone mixte 


ou peutetre 


CH=X.N<y%? 

| w 

f =N.NaOBr +mN< CH, 
{(JH.OU) s 


CILOH 
osazone mixte 


Le displacement des radicaux hydraziniques dans les osazones peut 
lui aussi etre mis & profit dans le diagnose des sucres, comme par 
exemple dans la recherche du fructose au moyen de la methylph£nyl- 
hydrazine. La methylphenylosazone de fructose commence, en effet, 
presque toujours par se separer sous forme d’une huile qui n’a, 
surtout lorsqu’on opere sur des solutions sucrees impures, qu’une 
faible tendance & cristalliser, ce qui rend malaisee 1’identification du 
fructose. II suffii toutefois de faire bouillir cette huile (en solution 
hydroalcoolique) avec un exces d’acetate de phenylhydrazine, pour 
qu’elle se transforme dans la phenylosazone de glucose dont 1’identifi¬ 
cation est des plus faciles, vu que ce produit cristallise volontiers et se 
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Suisse aisement purifier par lavage a i’acetone. La marche que nous 
venons d’indiquer faciiite considerabiement la recherche du fructose. 

Sur les variations du pouvoir rotatoire des osazones 

su crees. 

Les theories stereochimiques prevoient pour chaque osazone d’un 
sucre donne diverses formes isomeriques, mais jusqu’a present aucune 
osazone sucree n’a pu £tre obtenue sous deux ou plusieurs formes. 
Le seui indice de l’existence de teSles isomeries est la variation du 
pouvoir rotatoire de beaucoup d’osazones, phenomene rappelant la 
mutarotation des sucres libres. L’allure du pouvoir rotatoire fut ob¬ 
serve^ en solution pyridinoalcoolique, la premiere fois par Zerner 
et M lle Waltuch, 4 ) plus tard, par les savants americains Levene et 
La Forge. 5 ) II est interessant a noter qu’Emile Fischer, qui me- 
sura en son temps le pouvoir rotatoire des osazones dans l’acide 
acetique anhydre, ne fait nullement mention des variations du pouvoir 
rotatoire. On ignore jusqu’ici a quel changement chimique il faut 
attribuer la variation de la rotation des osazones sucr£es avec le temps, 
s’il s’agit la d’une transposition d’ordre stereochimique ou simplement 
de structure. 

Zerner emit il est vrai l’hypothese que le phenomene est du 
a un changement de structure en admettant un passage tautomere de 
la forme dihydrazonique a la forme azo'fque suivant le schema 


CH=N. NII<Z> — CH,—N=N<Z> 
C=N.NH<Z) — CH—N=N<ZS 

forme dihydrazinique forme azoique 

mais ne donne pas de preuves a l’appui de cette maniere de voir. 

Suivant nos observations 1’hypothese de Zerner ne peut surement 
^tre vraie. La mesure du pouvoir rotatoire de la mgthylphSnylosazone 
de fructose 



CH—N-. 

)j=n.n< c M\ 

I “W 


(CH.0U) 8 


CHMH 


*) Monatsh. 1914, 35, 1036. 
s ) Chem, Zentr, 1915, H, 122. 
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en solution dans l’alcool methylique nous a montre en effet que ce 
corps pr£sente un phenomena analogue a la mutarotation bien qu’il 
ne possede pas d’hydrogene susceptible d’une migration telle que 
l’exige la transposition en forme azoi'que. 

Experience: 0'2 gr de methylphenylosazone de fructose dissous 
dans 25 cc. d’alcool methyl ique ont ete observes au moyen d’un 
saccharimetre Fri£ en employant un tube de 100 mm de longueur 
et une lampe a arc comme source de lumiere: 


Temps en heures 

Deviation a 

Mu 

0 

+ 2-95° 

+ 126-8° 

2 

+ 2-80° 

+ 120-4° 

15 

-f 1-80° 

+' 77*4° 

22 

+ 1-60° 

+ 68-8° 

25 

+ 1-55° 

+ 66-6° 

41 

4- 1*20° 

+ 51-6° 

70 

-t- 0-95° 

4- 40-8° 


Institut de Chimie organique : 
a. VEcole Polytechnique tcheque de Prague 
(Tchecoslovaquie). 



SUR LA PREPARATION DU 2.8-DIMETHYL-NAPHTALENE 

par V. VESELY et A. MEDVEDEVA. 

(Execute avec l’aide de la Masarykova Akademie Prace.) 

11 y a possibility theorique de dix dimethyl-naphtalenes isomeriques 
dont on n’a isole, jusqu’a ce jour, que six. Ce sont les isomeres 
1.6, 2.3, 2.6 et 2.7 qui ont ete separes par R. Weissgerber et 
O. Kr uber 1 ) du goudron de houille, ainsi que les dimethyl-naphta¬ 
lenes 1.2 et 1.4 obtenus, outre les isomeres cites, par voie synthe- 
tique. En poursuivant nos etudes sur les derives du 2-mythyl-naphta- 
lenes, nous nous sommes proposes d’introduire dans la position 8 
de cet hydrocarbure un second groupe methyle, et d’arriver ainsi au 
2.8-dimethyl-naphtalene, inconnu jusqu’ici. Un proc^dd tout indique 
pouratteindre ce but est celui employe par F. Mayer et A. Sieglitz 2 ) 
dans la synthese du 1.2-dimethyl-naphtalene a partir du 2-mdthyl- 
1-bromo-naphtalene. II consiste dans la preparation du bromure de 
mdthyl-naphtyl-magndsium que l’on dedouble sous l’action du sulfate 
dimethylique. Bien que cette voie ait permis a i’un de nous, avec la 
collaboration de M. F. Stursa (voir le mdmoire suivant), d’obtenir 
deux nouveaux naphtalenes dimethyles, elle n’a pas conduit, dans 
notre cas, au but propose. Nous avons rdussi, par contre, & prdparer 
le 2.8-dimethyl-naphtalene par un procdde analogue h celui dont 
s’dtait servi W. Borsche et D. Rantscheff 8 ) pour la transformation 
du l-hydroxy-2.6-dinitro-benzene dans leddrivd l-mdthyl-2.6-dinitro du 
meme hydrocarbure. 

On remplace le groupe oxhydryle d’abord par le chlore auquel 
on substitue ensuite le groupe methyle par action du malonate 
d’dthyle sode et par decomposition de l’acide aryl-acdtique formd. 
Le groupe oxhydryle du 2-methyl-8-naphtol ne prdsentant qu’une 
activity chimique tres faible, on n’arrive a ryaliser ces reactions qu’en 
introduisant dans les positions ortho et para (par rapport & l’oxhydryie), 
deux groupes nitro. Le schema ci-dessous montre la voie qui nous 
a conduit k I’obtention du 2.8-dimethyl-naphtalene: 
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SO s H ^ OH _ OH 

^YV^ 3 - fYV* _ / „Y _ xYY yh 8 _ 

\/\/ \/\/ \/\/ \/\/ 

NO, 

CO,C 2 H 5 C0 2 C»Hh COM 

\ / 1 



En partant du 2-methyl-naphtalene, la sulfonation nous a fourni, 
a cote de l’acide sulfonE en position 1, 1’acide 2-methyl-naphtalene- 
8-sulfonique I.*) Ce corps a ete transforme, par fusion avec la potasse, 
en naphtol II, et celui-ci, par nitration, en derive dinitre III. Le rem- 
placeinent de l’oxhydryle de ce compose a ete effectue suivant 
F. Ullmann et W. Bruck, 5 ) par action du chlorure ^-toluene- 
sulfonique en presence de dimethyl- ou de diethylaniline. L’atome 
d’halogene, etant, dans le 2-methyl-5.7-dinitro-8-naphtol III, bien labile, 6 ) 
entre nettement en reaction avec le malonate d’ethyle sode. La reaction 
fournit le methyl-di nitro-naph tyl-m al on ate V qui, chauffE avec un me¬ 
lange d’acides sulfurique et acetique, subit une saponification et se dE- 
double en m£me temps en acide 2-m£thyl-5.7-dinitro-8-naphtyl-acEtique 
VI. Lorsqu’on chauffe ce dernier au-dela de son point de fusion, ou 
bien qu’on le traite par la pyridine a 40° environ, il se convertit, avec 
perte de C0 2 , en 2.8-dimethyl-5.7-dinitronaphtalene VII. La reduction 
de ce dernier corps nous a fourni la diamine VIII, et celle-ci, par 
Elimination des deux groupes amino, le 2.8-dimEthyl-naphialene IX. 

Nous avons encore etudie les produits de la reduction partielle 
du 2.8-dimethyl-5.7-dinitronaphtalene VII, en nous servant de SnCl 2 
comme agent reducteur. Cette reaction nous a fourni un melange 
de deux nitramines parmi lesquelles I’une predominait. Ce n’est que 
celle-ci que nous avons reussi a separer a l’etat de purete. Elle pre¬ 
sente le groupe amino en position 5 (X), ce que nous avons Etabii 
comme suit: En Eliminant le groupe amino, nous avons obtenu le 
corps mononitrE XI qui, apres rEduction et transformation du groupe 
amino en oxhydryle, nous a fourni le naphtol XIII. 
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Ce corps ne donne pas de colorant avec la p-nitraniline diazotee, 
la solution ne prend dans cette reaction qu’une teinte tres faiblement 
rouge. II est done evident qu’il faut attribuer a notre naphtol la for- 
mule XIII ou la position cherchee par Ie groupe azo se trouve occupee 
par le methyle. Quant au naphtol repondant a la formule XIV, il de- 
vrait fournir ici un colorant rouge, comme e’est le cas pour Ie l-methyl- 
4-naphtol, etudie par Lesser. 7 ) 

Ajoutons, en terminant, qu’au cours de nos essais de preparer 
le 2.8-dimethyl-naphtalene a partir du 2-methyl-8-bromonaphtalene XIII, 
nous avons obtenu ce dernier corps en partant du 2-methyl-S-naphtol 
et en passant par la 2-methyl-8-naphtylamine. La substitution du groupe 
amino a l'hydroxyle a ete realisee d’apres A. Calm, 8 ) par chauffage 
du naphtol a 270°, dans un tube scelle, avec du chlorure d’ammonium 
et de 1’acetate de soude sec en presence d’acide acetique. 



Partie exp^rimentale. 

2-Methyl-5 . 7-dinitro-8-hydroxy-naphtattne III. — 9 gr de 2-m6thyI- 
8-naphtol II finement pulverises, prepares d’apres Vesel^ et P££*) 
a partir de l’acide 2-methyI-naphtalene-8-sulfonique I, sont introduits, 
par petites portions, dans 19‘8 gr d’acide sulfurique concentre. On 
chauffe pendant une heure et demie au bain-marie. La solution re- 
froidie est additionnee de 19 gr d’acide sulfurique concentre, et le me¬ 
lange est verse dans 1’eau. Apres refroidissement, on ajoute, avec 
agitation rapide, d’abord une solution de 9-2 gr de NaNO 2 dans 55 cc. 
d’eau, puis, goutte a goutte, 48 gr d’acide nitrique a 40 ° Be. On doit 
prendre grand soin de ne pas laisser monter la temperature pendant 
cette operation, sinon la reaction devient tres vive, ce qui amene une 
diminution considerable du rendement. Apres l’addition de HNO s On 
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chauffe au bain-marie tant que !e degagement des oxydes d’azote 
ne cesse de se produire. La solution refroidie abandonne le 2-methyl- 
5.7-dinitro-8-naphtol qui, cristallise dans Pacide acetique anhydre, 
forme des aiguilles jaunes, fusibles a 165—166*5°. Ren dement 8-3 gr. 

Analyse: 

Substance: 0*2100 gr; CO z 0*4128gr; H z O 00713 gr; 

0*01285 gr, N 1*18 cc. (21°, 737*8 mm). 

C u H s 0 5 N 2 : Calcule C 53*2%, H 3*2%, N 11*3%. 

Trouve C 53*6%, H 3*8%, N 11*2%. 

2-Methyl-5.7-dinitro-8-chloro-naph.talene IV. — Un melange de 5 gr 
de dinitro-naphtol III et de 6*5 gr de dimethyl- ou de diethylaniiine 
est chauffe dans un ballon au bain-marie, et addition n6, petit a petit, 
de 4 gr de chlorure ^-toluene-sulfonique. Apres 3 heures de chauffage 
la liqueur foncee et epaisse se prend en une masse goudronneuse 
que l’on dissout a chaud dans de l’acide chlorhydrique dilue (1:5). 
La solution refroidie laisse deposer un precipite qui est essore et chauffe 
avec de l’ammoniaque dilue (1:5); on r£pete cette operation deux 
fois encore. Le chlorodinitronaphtalene ainsi obtenu, cristallise dans 
Pacide acetique anhydre, est en minces colonnes jaunatres, fusibles 
a 155*5—156°. Rendement 3*4 gr. 

Analyse: 

Substance: 10*01 mgr\ N 0*97 cc. (21°, 731*8 mm). 

0*2110 gr-, A(,Cl 0*1147 gr. 

(J n H-,O i N 2 Cl: Calcule N 10*5%, Cl 13*15%. 

Trouve N 10*7%, Cl 13*49%. 

2-Methyl-5.7-dinitro-8-naphtyl-malonate d’ethyle V. — 0*66 gr de 
sodium coupe en fines lamelles sont introduits dans un ballon contenant 
32 gr d’6ther dess£ch€ au sodium. On ajoute 5*1 gr de malonate d’ethyle 
et on laisse le metal alcalin se dissoudre, d’abord it froid, puis en 
chauffant au bain-marie pendant 4—5 heures. Le malonate d’ethyle 
sodd se depose en flocons Wanes, et la solution finit par se prendre 
en une bouillie gpaisse. On ajoute 6 gr de 2-methyl-5.7-dinitro-8- 
chloro-naphtalene IV en suspension dans de Pettier anhydre. La masse 
se colore immediatement en brun fonce. On chauffe pendant 2 heures 
a l’6bullition, apres quoi on chasse le solvant par distillation. Le 
residu est additionne d’eau, la poudre depos6e est plusieurs fois 
epuisfie, d’abord par de la lessive de potasse a 5% et a 40°, a la 
fin par de 1’eau. En ajoutant de l’acide chlorhydrique etendu, on 
precipite le malonate libre en flocons jaunes qui, cristallises dans 
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Pacide acetique anhydre, forment des cristaux faiblement jaiiMtes, 
fondant a 103—106°. Rendement 44 gr. 

Dosage d’azote: 

Substance: 1028 mgr, N 0*70 cc. (21°, 741 mm). 

(\sUviOnN 2 : Calcule N 7-3%. 

Trouve N 7-4%. 

Acide 2-tnethyl-5 . 7-dinitro-8-naphtyl-acetique VI. — 3gr de dinitro- 
malonaie V sont dissous dans 15 gr d’acide acetique anhydre chaud; 
on ajoute 5 cc. de H 2 S0. t dilue par le meme poids d’eau et on chauffe 
a reflux pendant une heure a i’ebullition. Apres 20 minutes environ, 
la solution commence a abandonner un precipite; au bout d’une 
heure, la reaction est terminee. L’acide naphtylacetique depose est 
essore, puis lave a l’acid eacetique. 11 est en cristaux jaunaires, fondant, 
apres dessication, sans nettete et avec perte de C0. 2 , entre 160 et 176°. 
Rendement 22gr. 

2.8- Dimethyl-5.7-dinitro-naphtalene VII. — L’acide naphtylacetique 

VI qui se trouve dans un petit ballon, est recouvert de pyridine. Le 
dedoublement, qui se manifeste par un depart de gaz carbonique, 
n’est que tres lent it la temperature ordinaire, mais on peut l’accel£rer 
en operant a 40° environ. La reaction terminee, on ajoute de 1’eau, 
on essore le corps depose et on le lave d’abord & l’eau puis a Pacide 
chlorhydrique etendu. Le dinitro-dimethyl-naphtalene ainsi obtenu est 
cristalllse dans 1’alcool; il forme de longues aiguilles jaunes, fondant 
a 163—165*5°. Le rendement est presque th£orique. 

Dosage d’azote: 

Substance: 10*30 mgr, N 1*08 cc. (21°, 737*8 mm). 

. C 12 Hi 0 O i N 2 : Calcule N 11 *4%. 

Trouve N 11*2%. 

2.8- Dimethyl-5.7-d.iaminonaphtalene V/I/. — lOgrde derive dinitro 

VII sont introduits, par petites portions, dans une solution de 90 gr 
de chlorure stanneux dans 100 zr. d’alcool satur6 de gaz chlorhydrique. 
L’addition du sel stanneux terminee, on chauffe, au bain-marie et k reflux, 
pendant une heure environ. La solution est filtree, le filtrat est refroidi, 
les cristaux de chlorhydrate de diamine depos£e sont essores et 
dissous dans l’eau; on leur fait perdre l’6tain au moyen de H z 8. Le 
filtrat apres la separation des sulfures d’etain est concentre au bain- 
marie, le chlorhydrate depose est essore. Pour preparer la base libre, 
on dissout 1’hydrochlorure dans l’eau et on l’alcalinise par une solution 
de NaOHtrb& diluee. La base precipitee est cristallis6e, avec decoloration 
£l la carboraffine, dans la benzine de pefrole bouillant k 90—100°. 
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Elle est en cristaux incolores,‘brunissant a Fair et fondant a 114—116°. 
Rendement 2gr. 

Dosage d’azote: 

Substance: 1053 mgr, N 1*43 cc. (18°, 742*2 mm). 

H n H u N,: Calcuie N 150%. 

Trouve N 15*0°/ 0 . 

2.8-Dimethyl-naphtalene IX. — 2*5 gr d’hydrochlorure de la diamine 
precedente sont dissous dans 1’eau chaude; la solution refroidie est 
additionnee de lessive de soude a 5%, la base deposee est dissoute 
dans 75 cc. d’alcool. On ajoute 20 cc. de ijT 2 S'0 4 dilue avec le mSme 
poids d’eau et on diazote le sulfate forme au moyen de 5‘2 cc. d’une 
solution de NaNO z a 25%. Apres un repos d’une heure on chasse 
Palcool, et on entrafne le dimethyl-naphtalene obtenu par de la vapeur 
d’eau. Cristallise dans la benzine de petrole, le corps est en prismes 
incolores, fondant a 84—85°. 

Pour determiner son poids moleculaire, nous avons transforme 
cet hydrocarbure en picrate. Celui-ci, prepare en solution alcoolique, 
est en cristaux jaune orange, fondant a 114—117°. 

Analyse du picrate: 

Substance: 0*0002 gr, N/ 10 NaOH 2*33 cc. 

(J ls H rr ,0r;N s : Calcuie teneur en acide picrique 59*5%. 

Trouve teneur en acide picrique 59*3%. 

Reduction partielle du 2-methyl-5.1-dinitro-8-naphtalene VII. — 
5 gr de naphtol dinitre sont dissous a chaud dans 600 cc. d’acide 
acetique anhydre sature avec HCl. La liqueur refroidie est additionnee, 
goutte a goutte, d’une solution renfermant la quantite de SnCl z suf- 
fisant juste a la reduction d’un seul groupe nitro du corps dinitre, 
puis dissoute dans. Palcool sature par HOI. On laisse le melange se 
reposer pendant plusieurs heures, et Pon essaie, si la totality du SnCl 2 
est consommee; quand c’est le cas, le papier bleu iodo-amidonne 
ne se dficolore plus. On chasse l’acide acetique par distillation sous 
pression rSduite, on ajoute au rdsidu 150 cc. d’eau tiede, et on separe 
par filtration le dinitronaphtol inaltere. Le filtrat, legerement alcalinis6 
par de la lessive de soude a 10%, est plusieurs fois epuis£ a l’ether; 
la solution ^theree est extraite par de Pacide chlorhydrique Nj 4, qui 
ne dissout que la diamine VIII, alors que la nitramine reste en solution 
dans 1’ether. L’ether est chasse, le residu est repris dans Palcool. On 
obtient ainsi la nitramine X brute que l’on peut facilement purifier 
sous forme de perchlorate ou a l’etat de son d£rivd ac£tyle. 


5 * 
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Pour la transformer, en perchlorate, la nitramine obtenue est 
recouverte d’acide perchlorique (d = M25) etendu par son volume 
d’eau. La liqueur est d’abord chauffee, puis filtree; le filtrat abandonne, 
apres refroidissement, le perchlorate legerement jaunatre. En le traitant 
par de • i’ammoniaque, on obtient le 2.8-dimethyl-5-amino-7-nitro- 
naphtalene X en aiguilles rouge ecarlate, fondant i 151—153°. 

Dosage d’azote: 

Substance: 977 mgr, N 177 cc. (21°, 737-8 mm). 

C l2 H n 0 2 N 2 : Caicule N 130%. 

Trouve N 13-0%. 

Le derive acetyle, prepare a partir de la nitramine brute, cristallise 
dans l’alcool en aiguilles jaunatres, fusibles a 220—222°. 

Dosage d’azote: 

Substance: 1039 mgr, N 1‘08 cc. (21°, 737 mm): 

C U H U 0 S N,: Caicule N 10-9%. 

Trouve N 11 2%.. 

Saponifie par I’acide chlorhydrique en solution alcoolique, ce corps 
four nit la nitramine pure, fondant a 151—153°. 

2.8- Dimethyl-7-nitro-naphtalene XL — Ce corps a ete prepare par 
diazotation de la nitramine precedente et decomposition du diazofque 
au moyen de 1’alcool. Entraine par la vapeur d’eau et cristallise dans 
i’alcool, ce dimethyl-nitro-naphtalene est en aiguilles jaune clair, 
fusibles a 56-5—58°. 

Dosage d’azote: 

Substance: lO’OO mgr, N 0*65 cc. (19°, 742-2 mm). 
C.JInOoX: Caicule i\ r 7-0%■ 

Trouve N 7 - l%- 

2 . 8- Dimethyl~7-amino-naphtalene XII. — Cette amine a ete obtenue 
par reduction du derive nitre au moyen de la limaille de fer et de 
1’acide acetique. Distillee par la vapeur d’eau, elle forme une huile 
incolore que nous n’avons pas reussi a solidifier.- 

Son derive acetyle cristallise dans Palcool en aiguilles blanches 
com me la neige, fusibles a 207—208°. 

Dosage d’azote: 

Substance: 1070 mgr, N O'66 cc. (19°, 7427 mm). 

C u H ro 0N: Caicule N 6'6°/ 0 . 

Trouve N 6-8%. 
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En diazotant cetie methyi-naphtylamine et en dedoublant le diazo 
forme par l’alcool, nous n’avons pas obtenu le 2.8-dimethylnaphtaiene, 
mais un autre corps, fondant a 42—43° qui, melange avec notre 
dimethylnaphtalene, montrait une depression de point de fusion consi¬ 
derable. Par manque de substance, nous n’avons pu etablir la consti¬ 
tution de ce corps. 

2.8-Dimethyl-7-hydroxy-naphtalene XIII .— Nous l’avons obtenu par 
diazotation de famine correspondante et decomposition du diazo'fque 
forme par H 2 S•0 i dilue. Distille par la vapeur d’eau, il passe sous 
forme de lamelles incolores, fusibles a 138—140°. Copule en milieu 
alcalin avec la jp-nitraniline diazotee, il ne fournit pas de colorant 
azoi'que. 

2-Methyl-8-amino-naphtalene. — Ce corps avait ete prepare par fun 
de nous avec collaboration de M. J. Pac 9 ) a partir de l’acide 2-methyl- 
8-aminonaphtalene-suIfonique-l. Cette fois-ci, nous l'avons obtenu de la 
maniere suivante: lOgrde 2-methyI-8-na phtol, 24 gr d’acetate de sodium 
fondu, 8 gr de chlorure d’ammonium et 10 gr d’acide acetique anhydre 
sont chauffes, en tube scelle, pendant *8 heures a 270°. Apres refroi- 
dissement, on jette le contenu du tube, a 1’aide de l’eau, sur un filtre 
et on lave a 1’eau. Le produit obtenu est ensuite saponifie par un chauf- 
fage de 20 a 30 minutes avec 60 cc. de if 2 8'0 4 dilue (1:1). La liqueur 
refroidie est alcalinisee par de la lessive de soude etendue, famine 
obtenue est entratnee a la vapeur d’eau. Le point de fusion de ce 
produit est 52—54°, tandis que le corps pur de Vesel^ et Pac 
fond a 57-58°. 


Laboratoire de Chimie organique 
a I’Ecole Polytechnique tcheque de Brno 
(Tchecoslovaquie). 
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SUR LES DIHYDRODERIVfiS DU 1- ET 
DU 2-METHYLNAPHTALENE 

par V. VESELY et J. KAPP. 


L’hydrogenation du naphtalene a ete etudiee d’une maniere bien 
approfondie, elle est mSme aujourd’hui pratiquee dans l’industrie. 
Parmi les derives hydrogenes des methylnaphtalenes on ne connatt, 
par contre, que le 2-methyl-5.6.7.8-tetrahydronaphtalene. Ce dernier 
corps a ete obtenu d’abord par O. Schroeter, 1 ) par hydrogenation 
du 2-methylnaphtaIene au moyen d’hydrogene en presence de nickel, 
et ulterieurement par F. Krollpfeifferet W. Schafer, 2 ) par reduc¬ 
tion du 7-methyl-l-ceto-tetrahydronaphtalene. Les deux 2-methyltetra- 
iines obtenues par voies differentes 6tant identique, il s’ensuit que dans 
(’hydrogenation du 2-methyInaphtalene d’apres Schroeter l’hydro- 
gene entre exclusivement dans le noyau non methyle: 

! i ! *" IT ! < 

\/\/ H *\/\/ 

H, 


Le present travail avait pour but d’etudier l’hydrogenation des 
methylnaphtalenes au moyen de sodium et d’aicool ethylique, et de 
constater si la fixation de l’hydrogene se fait ici dans le sens observe 
par Schroeter ou bien sur le noyau methyle. Ce mode d’hydro- 
gdnation du naphtalene a ete etudie d’abord par E. Bamberger*) 
et ses collaborateurs, plus tard par F. Strauss et L. Lem me l. 4 ) 
Ces derniers auteurs avaient observe qu’il se forme, par action de 
sodium sur le naphtalene en milieu alcoolique, d’abord le d^dihydro- 
naphtalene (I) qui, chauffe a 140° avec une solution d’&hylate de 
sodium a 5%, sub it la transformation en J^dihydronaphtalene (II). 
Ce n’est que le dernier de ces deux hydrocarbures dihydrog£nes qui 
est susceptible de se transformer, sous Faction ult^rieure du sodium 
et de l’alcool, en tetrahydronaphtalene (tetraline) (HI): 
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Les memes auteurs ont reussi a separer les deux dihydronaphta- 
lenes 1’un de 1’autre au moyen de Facetate mercurique qui donne avec 
l’isomere A 2 un compose d’addition bien cristallis£. Quant a Fisomere 
A\ il subit sous Faction de Facetate mercurique une oxydation en 
1.2-dihydroxytetraline sans former de produit d’addition. 

Dans nos essais d’hydrogenation des methylnaphialenes, nous 
nous sommes bomes, pour le moment, aux derives dihvdrogen£s. 

En effectuant la fixation d’hydrogene sur le 1-methylnaphtalene au 
moyen de sodium et d’alcool ethylique, nous avons obtenu un me¬ 
lange renfermant du dihydro-methylnaphtalene et du 1-methylnaphtalene 
inalter6. Nous avons pu constater ce fait en dosant la quantity de 
brome fixe sur le produit engendre par la reaction. Puisqu’on n’arrive 
pas a separer les deux hydrocarbures entre eux, nous avons fait agir 
du brome a froid sur leur melange: Le corps dihydrogene s’est trans- 
forme en derive dibrome, tandis que le methylnaphtalene, reste in- 
altere, a ete separe par distillation. Le derive dibrome a ete prive de 
son brome par action de zinc en milieu d’alcool methylique. L’hydro- 
carbure ainsi obtenu, oxyde par KMnO^ foumit I’acide hemimellitique 
(benzene-1.2.3-tricarboxylique); il s’ensuit que l’hydrogene s’est fixe 
sur le noyau non methyls. 
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D’autre part, il fallait etablir les positions occupees par les deux 
atomes d’hydrogene. Il y a, ici, trois possibilites, representees par les 
formules suivantes: 
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Les formules V et VI repondent a I’isomere A\ la formule VII 
a /fi. Les observations de Strauss et Lemmel, faites apropos du 
dihydronaphtalene non methyle, laissent prfivoir que notre corps 
dihydre ne donnerait avec Pacetate mercurique un compose d’addition 
que dans le cas oh sa constitution rfiponderait h la formule VII, 
tandis que, dans les deux autres cas, il subirait 1’oxydation dans le 
glycol correspondant. L’experience nous a montre qu’il n’y a qu’en- 
viron la dixieme partie de notre produit d’hydrogenation qui soit 
susceptible de se fixer a Pacetate mercurique, tandis que le reste 
semble etre transforme, par action de ce sel, dans le glycol corres¬ 
pondant. 

11 restait enfin k fixer la constitution du /Mihydro-l-methyl- 
naphtalene obtenu et pour lequel la theorie admet le choix entre 
les formules V et VI. Pour decider dans cette question, il faudrait 
sSparer les glycols resultant de 1’oxydation de notre hydrocarbure et 
etablir en meme temps si les deux groupes oxhydryle sont en position 
5.6 ou 5.8. N’ayant reussi a obtenir ni Pun ni l’autre de ces glycols 
<t 1’etat solide, la presence du dihydro-methylnaphtalene J 1 dans notre 
produit de reaction reste douteuse. 

Quant a l’hydrogenation du 2-methylnaphtalene au moyen de so¬ 
dium et d’alcool £thylique, elle nous a donne a peu pres les memes 
resultats que la reduction du 1-methylnaphtalene. Mais le rendement 
en isomere d 2 allait ici jusqu’a 58%. 

Nous avons enfin soumis le 2-methyl-1 -aminonaphtalene a une 
hydrogenation au moyen de sodium et d’alcool ethylique. Il nous 
a fourni l’amine ar-tetrahydrogenee, et celle-ci, par substitution de OR 
au JYR 2 , le phenol correspondant: 


mi, H, NR 2 II, OH 



II, Il z 


Partie exp£rimentale. 

Hydrogenation du 1-methylnaphtalene. — 30 gr de 1-methylnaphta¬ 
lene sont dissous dans 700 cc. d’alcool a 96%. La liqueur chaude est 
additionnee, petit a petit, de 44 gr de sodium. La reaction, vive au 
debut, est moderee par refroidissement; vers la fin, lorsqu’elle 
cesse, elle est activee par chauffage. La dissolution du sodium ter- 
minee, on ajoute de l’eau et on distille a la vapeur d’eau le produit 
obtenu. Le distillat aqueux est epuis£ a l’ether, la liqueur etheree est 
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dessechee au sulfate de sodium anhydre, et le solvant est evapore. 
Le residu huileux (30 gr) constitue un melange du 1 -methyinaphtalene 
inaltere avec le dihydro-methylnaphtalene. Nous nous en sommes 
assures en dosant la quantite de brome necessaire pour obtenir une 
coloration rouge persistante: 30 gr de notre huile ont consomme 
93 - 2 cc. d’une solution renfermant 30 gr de brome dans 150 cc. de 
chloroforme, alors que le dihydro-methylnaphtalene pur en devrait 
consommer 166‘5 cc. 

1-Methyl-dibromo-tetraline IV. — 30 gr de produit provenant de la 
dehydrogenation precedente sont dissous dans 100 cc. de chloroforme; 
la liqueur est additionnee, en refroidissant, de 93’2 cc. de la solution 
mentionne de brome dans le chloroforme. Apres concentration dans 
le vide, on obtient, a cote d’un produit huileux, des cristaux du derive 
dibrome qui, recristallises dans l’alcoo! methylique, fondent a 86—87°. 
Toutefois, la plus grande partie du dibromure reste dans la portion 
huileuse, d’ou on ne reussit a la separer qu’apres elimination du 
l-methylnaphtalene par distillation. Cette derniere operation est, mal- 
heureusement, accompagnee d’un dedoublement partiel du derive 
dibrome en methylnaphtalene et HBr. Rendement total: 16 - 4 gr de 
dibromure. 

Dosage de brome: 

Substance: OiQOOgr, AgBr 02362 gr. 

C n H x% Br t : Calcule Br 52-6%. 

Trouve Br 52 - 9%. 

Debromuration de la 1-methyl-dibromotetraline. — Pour effectuer 
cette operation, F. Strauss 5 ) s’etait servi de zinc en milieu alcoolique, 
tandis que J. v. Braun etG.Kirschbaum 6 ) avaientopere en solution 
dans le benzene, Father ou l’acetone. Nous, nous avons procede comme 
suit: 14 gr de corps dibrome sont mis en suspension dans l’alcool 
methylique bouillant, et additionnes de zinc granule. 11 se produit une 
vive reaction qui toutefois cesse bientot. Pour obtenir un detachement 
d’halogene complet, on ajoute ensuite 35 cc. d’alcool methylique sature 
de HCl. Lorsque la reaction tumultueuse s’est calmee, on chauffe le pro¬ 
duit pendant 3 heures au bain-marie, apres quoi on le separe par 
entrafnement a la vapeur d’eau. II presente une huile limpide, incolore 
qui, distiliee dans le vide, passe sous 11 mm de Hg a 116—117°; 
«2i-5_ 1-5618. Rendement 5 3 gr. 

0 - 7594 gr de 1-methyl-dihydronaphtalene ont consomme 16*5 cc. 
d’une solution renfermant 5 25 gr de brome dans 100 cc. de chforo- 
forme; calcule 16‘2 cc. 
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Analyse: 

Substance: 0-1750 gr, C0 2 0'5911 gr, U,0 07312 ^r. 

C n H ls : Calcule C 917%, H 8*3%. 

Trouve C 92'1%, E 8 - 4%. 

Le methyl-dihydronaphtalene ainsi obtenu subit bien facilement 
l’autoxydation. Conserve pendant 20 jours dans un ballon ferme avec 
un bouchon en liege, il est devenu jaune et montrait une refraction 
plus elevee, a savoir n l £ 5 = T5738. Le changement de sa composition 
ressort des analyses suivantes: 

Substance: O'1656 gr, 0-1838 gr, CO, 0-5324 gr, 0-5920 gr, 

H,0 0*1160 gr, 07314 gr. 

C n H n : Calcule (7 917%, H 83%. 

Trouve C 877%, H 7-8%, 

87-8%, 8-0%. 

Oxydation du 1-methyl-dihydronaphtalene. — On met 0‘5gr d’hydro- 
carbure en suspension dans 1’eau, et on chauffe pendant 4 heures 
avec 3"5 gr de permanganate de potassium. L’exces de KMnO^ est 
decompose par de l’alcool, le MnO, est separe par filtration. Pour 
completer 1’oxydation, on acidifie la solution avec i7 2 S0 4 , et on la 
chauffe a nouveau avec du permanganate. Le filtrat resultant de la 
separation du Mn0 2 est concentre, puis plusieurs fois epuise a Tether. 
L’ether est chass6, le residu est recristallise dans Teau. L’acide ainsi 
obtenu fond a 193—194°, son anhydride a 193°; il est identique a Tacide 
hemiinellitique (benzene-1.2.3-tricarboxylique), fondant a 196°, car le 
melange de ces deux acides ne montre pas de depression du point 
de fusion. 

Action de Vacetate mercurique sur le 1-methyl-dihydronaphtalene. — 
27 gr d’hydrocarbure obtenu dans la debromuration de la l-m£thyl- 
dibromotetraline, fondant a 86—87°, sont dissous dans Tether. La 
liqueur est melangee a une solution saturee d’ac6tate mercurique. On 
abandonne le melange pendant plusieurs jours, en Tagitant de temps 
en temps. 11 se depose alors un precipite epais (5-2 gr) qui est essore, 
dess6che et epuise au benzene (0'55 gr de compose d’addition entrent 
en solution). Recristallis6 dans le meme solvant, la combinaison fond 
a 160—162°. Le reste, insoluble dans le benzene, s’est r£vele etre de 
Tacetate mercureux. 11 parait prendre naissance dans la reduction du 
sel mercurique, pendant que i’hydrocarbure ethylenique subit Toxy- 
dation en glycol. A en juger par son analogic avec le dihydro- 
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naphtalene non methyle, notre hydrocarbure est compose de 10% 
environ d’isomere A* et de 90% de derive A\ 

Hydrogenation da 2-methylnaphtalene. — L’operation a ete effeciuee 
de la maniere decrite a propos du 1-methylnaphtalene. 30 gr de 
2-methylnaphtalene nous on! fourni 9*5 gr de 2-methyl-dibromo- 
tetraline qui, cristallise dans l’alcool methylique, fond a 90—91°. 

Dosage de brome: 

Substance: 0*1948 gr, AgBr 0*2430 gr. 

C n U 12 Br 2 : Calcule Br 52*6%. 

Trouve Br 53* 1 %. 

Le detachement de brome a ete effectue par le meme manuel 
operatoire que celui employe dans la debromuration de i’isomere 
methyle en 1. En partant de 9 gr de 2-methyi-dibromotetraiine, nous 
avons obtenu 3 gr de 2-methyl-dihydronaphtalene bouillant sous 14 mm 
Eg a 107—108°, ^=1*5522. 

0*5388 gr de 2-methyldihydronaphtalene dissous dans 10 cc. de 
chloroforme ont consomme 11*8 cc. d’une solution contenant 5*25 gr 
de brome dans 100 cc. de chloroforme. Calcule 11*4 cc. 

Analyse: 

Substance: 0*1680 gr, C0« 0*5644 gr, II 2 0 0*1260 gr. 

C n H l2 : Calcule C 91*7 % H 8*3%. 

Trouve C 91*6%, H 8*4%. 

Oxydation da 2-methyl-dihydronaphtalene. — L’operation effectuee 
de la faqon decrite a propos du 1 -methyl-dihydronaphtalene fournit 
un acide fondant a 224—225°, done a la m^me temperature que l’acide 
benzene-1.3.4-tricarboxylique. 

Quant au glycol correspondant, nous n’avons pas reussi k le 
preparer. 

Action de l'acetate mercurique sur le 2-methyl-dihydronaphtalene. — 
1*1 gr de 2-methyl-dihydronaphtalene prepare par debromuration de 
la 2-methyl-dibromoteiraline, fondant l 90—91°, fournissent avec l’ace- 
tate mercurique 1*8 gr, soit 58% d’un compose d’addition soluble dans 
le benzene; recristailise dans le meme dissolvant, il fond a 124 126°. 
3*5 gr de cette combinaison sont dedoubles par HGl concentre. 
L’hydrocarbure depose est epuise a l’ether, le solvant est chasse par 
distillation, et le r£sidu transform^ en dibromure. Cristallise dans l’al¬ 
cool methylique, ce dernier fond a 89-90°. Melange avec le d6riv6 



dibrome obtenu par bromuration du dihydro-methylnaphtalene primi- 
tif (conienant les isomeres A 1 et A 2 ), il ne montre pas de depression 
du point de fusion. Ii semble par consequent que le dibromure primitif, 
fondant a 90—91°, n’est constitue que par le dibromure de l’isomere A' 2 . 

2-Methyl-l-amino-5.6.7.8-tetrahydronaphtalene. — Nous avons rea¬ 
lise Fhydrogenation du 2-methyl-l-aminonaphtalene en suivant exac- 
tement les indications d’E. Bamberger et F. Aihauss 7 ) donnees 
dans 1’hydrogenation de la 1-naphtylamine non m6thylee: 20 gr d’amine 
sont dissous dans 230 gr d’alcool amylique et soumis a la reduction 
par 16 gr de sodium. On chauffe jusqu’a dissolution' complete du 
sodium (30 minutes environ); la liqueur, brun rouge&tre au debut, 
finit par s’eclaircir. La solution est ensuite versee dans l’eau, la couche 
alcoolique est separee, additionnee de HCl concentre, et l’alcool amy¬ 
lique est chasse par distillation a la vapeur d’eau. La solution aqueuse 
abandonne bientot des cristaux que l’on lave a l’ether; rendement 
14*5 gr d’hydrochlorure d’aminotetraline. On obtient Famine libre par 
dedoublement de l’hydrochlorure au moyen de lessive de soude; 
l’huile deposee est epuisee a l’ether, le solvant est chasse, et le residu 
rectifie dans le vide. Ii passe sous 13 mm Hq a 158 — 161°; rendement 
3-5 gr. 

Dosage d’azote: 

Substance: 11 - 124 mgr, N 0'872 cc. (21°, 730 - 5 mm). 

C u H rn N: Calcule N 8‘7°/ 0 . 

Trouve N 8 ' 8 °/ 0 . 

2-Methyl-l-acetamino-5.6.7.8-tetrahydronaphtalene. — Ce corps 
a et6 prepare par acetylation de 1’hydrochlorure de Famine precedente. 
Cristallise dans Falcool dilue, il fond a 185—186°; son melange avec 
le 2-methyl-l-acetaminonaphialene fusible a 188°, fond a 174—175°. 

Dosage d’azote: 

Substance: 14‘434 mg, N 0-911 cc. (19'5°, 72Q-5 mm). 

CaS„NO: Calcule TV 6*9%. 

Trouve NTl°l 0 . 

2-Methyl-l-hydroxy-5.6.7.8-tetrahydronaphtalene. — 2‘5 gr de 2-me- 
thyl-l-amino-tetraline sont dissous dans 1*5 gr de H^SOi dilue avec 
2 volumes d’eau, et diazotes par addition de 7-75 cc. d’une solution 
2 fois norm ale de NaNO. z . Le diazo'fque obtenu est decompose par 
chauffage avec H 2 80 t dilue, le produit est entrain^ par la vapeur 
d’eau. II passe sous forme d’une huile jaune qui se prend bientdt 
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en cristaux de naphtol. Recristaliise dans l’alcool methyiique dilue, 
le corps fond a 41—42°. Rendement Oi gr. 

Par manque de substance nous n’avons pu effectuer l’analyse de 
ce corps. 

Laboratoire de Chimie organique 
d VEcole Polytechnique tcheque de Brno 
(Tchecoslovaquie). 
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LIVRES NOUVEAUX* 


Fran Bub anovie: Kemija. (Chimie.) 

Tome L: I. Chimie generate, II. Chimie minerale (XVI + 618 pages, 2 tableaux). 
Tome 2.: III. Chimie organique, IV. Riochimie (XII -j- 717 pages). 

Tome 3. (en collaboration avec T. Pinter et M. Mladenovic): V. Travaux 
pratiques de chimie analytique, VL Analyse chirnique de Purine (XVII + 
461* pages, 8 tableaux), 

Zagreb 1936 et 1931. En langue croate, 

Le volumineux livre de JVL Bub a no vie, professeur de chimie a la Faculte 
de Medecine de Zagreb (Yougoslavie), s’adresse principalement a ses auditeurs, 
etudiants en medecine. Au cours de son activite pedagogique, V auteur est arrive 
a la conviction qu’a Petudiant, le plus souvent peu prepare, il ne convient pas de 
presenter la chimie de maniere condensee et par trop savante. S J il en est ainsi, 
le lecteur, qui ne fait pour ainsi dire que ses premiers pas en chimie, ne penetre 
que rarement dans V esprit de la science, et ses connaissances, etant purement de 
forme, stevaporenf rapidement. M. Bubanovic essaie d’eviter cet ecueil didactique 
sans faire perdre a son livre rien de sa valeur intrinseque et sans Fabaisser au 
niveau d’un ouvrage superficiel de vulgarisation. La meilleure voie a suivre, celle 
adoptee jadis d’une maniere niagistrale dans les ecrits d’E. Mach, est sans doute 
d’exposer historiquement les progres de nos connaissances. L’auteur s’acquitte 
de sa tache par une variante de ce procede, et, ainsi qidil Fexpose dans la preface 
du livre, initie ses auditeurs et lecteurs aux commencements de la chimie par une 
methode personnelle. Rien que, par suite de son caractere et style personnels, son 
livre produise stir le lecteur une impression inaccoutumee, on ne saurait lui denier 
ni grande originalite ni haute valeur pratique. 

L’auteur tache d’atteindre son but par une forme aisement assimilable, et 
s’efforce, par un choix judicieux des matieres d’enseignement, d^eveiller dans ses 
lecteurs l’interet pour la science, lequel constitue la condition primordiale d’une 
etude fructueuse. II souligne notamment les faits interessants an point de vue 
medical, et consacre plusieurs chapitres aux importantes theories physico-chimiques 
et biochimiques. Certaines parties du livre portent meme un caractere purement 
philosophique. 

Le tome 1 comprend les fondements de la stechiometrie chirnique et de la 
chimie physique. Vient en suite la chimie minerale exposee sur la base du systeme 
periodique de Mendelejev. Le tome se termine par des calculs relatifs a la 
stechiometrie, 

Le tome 2, consacre a la chimie organique et a la biochimie, domie, apres 
une courte introduction, la description des representants les plus simples de 
composes aliphatiques et cycliques, en tenant compte particulierement des substances 
dhmportance physiologique. Le fait que les glucides, les matieres grasses, lipoides 
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et albuminoTdes ne sont trades que phis tard, dans la partie biochimique du livre, 
a perniis a hauteur d’eviter des repetions inutiles. Les chapitres chimiques ulterieurs 
traitent des cycles naturels subis par les corps simples dans la nature, des const!- 
tuants mineraux des organismes vivants, des vitamines, des hormones, des ferments, 
etc. L’importance de la chimie physique pour la recherche biochimique est constant- 
nieiit accentuee. 

Le tome 3 comprend !a chimie analytique grosso modo dans Petendue repondant 
a Penseignement de cette branche a Pinstitut de Pauteur. Presque la moitie de 
ce dernier tome est consacree a Panalyse de Purine et du sue gastriquq. 

On ne saurait toujours etre d’accord avec Pauteur, ni en ce qui concerne 
le choix des materiaux, ni pour Pexposition, et Pon pourrait peut-etre relever 
quelques fautes, pen signifianfes il est vrai, ce qui ne pent naturellement point 
surprendre dans un ouvrage si etendu et comprenant des sujets si varies. Toute- 
fois, il faut reconnaitre avec plaisir que Pauteur a bien atteint le but auquel il vise 
dans la preface du livre: de donner aux etudiants en medecine et a ceux des 
sciences connexes un cours de chimie a la fois original et facile a suivre, done utile. 

Je suis sur que Pimportant ouvrage de M. Bubanovic rendra de bons 
services a la jeunesse etudiante yougoslave. V. Prelog, 



LES SELS CUIVRIQUES DE L'ACIDE QUINOLfilQUE 

par J. V. DUBSKY" et A. OKAC. 

L’acide quinoleique (pyridine-2.3-dicarbonique) 

/\/COOH 

\ n )\COOH 

est un des six acides pyridine-dicarboniques possibles, tons connus. 
La position 2.3 des deux groupes carboxyle a ete demontree par 
la formation de l’acide lors de I’oxydation de la quinoleine, 1 ) et 
d’autre part elle decoule de la connaissance des autres acides pyridine- 
dicarboniques. Sa constitution, a elle seule, fait prevoir que les deux 
fonctions carboxyle ne sauraient etre equivalentes, car 1’influence de 
I’azote pyridinique sur le groupe carboxyle en 2 doit etre plus pro- 
noncee que pour Ie carboxyle en 3. Le carboxyle en 2 se laisse 
ais£ment detacher entre 150 et 160° avec formation d’acide pyridine- 
3 monoearbonique (nicotique), 2 ) tandis que le carboxyle situe en 3 n’est 
plus eliminable par une elevation ulterieure de la temperature, car 
dans ces conditions la molecule est entierement detruite. 

L’influence exercee sur le groupe carboxyle par le voisinage de 
l’azote doit se trahir principalement chez les sels de 1’acide quinoleique: 
les metaux seront, en effet, sous la dependance des valences secondaires, 
dans le rayon d’action du groupe basique, de sorte que les sels formes 
appartiendront au type des sels complexes internes: 

/ \/C00H 

I ! 

\Ve l>0 


Conformement a cela, la literature ne mentionne que le sel acide 
d’ammonium, alors que pour les autres metaux monovalerits on a pu 
preparer les sels normaux et les sels acides: 






466 


. ;i ) 4 ) 
q^w, 1 


, 7/ 2\ 

quin< -X.2 7/ 2 0 qUltlj 

quin //. J//. I 77 2 0 2 ) quin d// 2 2 ) 


Les sels des metaux monovalents obtenus jusqu’a present per- 
mettent de conciure que I’une et l’autre fonctions carboxyle peuvent 
prendre part a la formation des sels. En realite, l’influence du groupe 
basique sur la nature acide du carboxyle en 2 s’est revelee moins 
marquee que, par exemple, pour Ie glycocolle: 

On peut titrer Pacide quinoleique de maniere tout a fait normale 
par les alcalis en presence de phenolphtaleine, et le point de virage 
n’apparatt qu’apres consommation de 2 NaOll pour 1 quin TT*. II paralt 
que le noyau benzenique affaiblit la basicite a un degre tel que Pune 
et I’autre fonctions carboxyliques se comportent normalement vis-a-vis 
de la base forte. 

La question se pose maintenant de savoir a quel type appartien- 
dront les sels des metaux bivalents et quel sera le comportement 
des deux groupes carboxyle dans leur formation. Jusqu’a present, 
on ne connait que ie sel barytique quin 77a . 2 H 2 0, qui n’a pas d’im- 
portance particuii^re pour la liaison complexe interne et correspond 
tout a fait aux sels normaux des metaux alcalins, et un seul sel cuivri- 
que qnm. 2 Cu. H 2 ■ I H 2 0, prepare par Boeseken 6 ) et caracteristique 
de Pacide quinoleique. En precipitant Ie quinoleate de sodium par 
I’acetate cuivrique Boeseken obtint un precipite cristallin vert dont 
Pebullition avec Pacide azotique (de densite 1‘2) a fourni le sel acide 
sign ale ci-dessus sous forme de petits cristaux bleu outremer, pen 
solubles, aciculaires sous le microscope. Chauffe en tube capillaire, 
le sel noircissait a 258°, seche a 130°, il se decomposait avec perte 
d’eau. 

Le sel vert obtenu par Boeseken comme produit intermediate 
nous interessait bien, mais maigre toute une serie d’essais nous 
n’avons pas reussi a le saisir. En reproduisant exactement Pexperience 
de Boeseken nous n’obtenions regulierement qu’un sel bleu clair, de 
composition quin Cht. 1 i/ 2 0 dont la cristallisation dans Pacide azotique 
(r? — L2) fournissait Ie sel acide quin 2 .C'M.7/ 2 de couleur bleu outremer. 
Dans aucun cas notre produit ne renfermait d’eau de cristallisation, 
ses analyses concordaient avec la composition d’un sel anhydre. Pas 
m§me un chauffage a 130° prolonge a 7 heures n’a revele de perte 
d’eau ou de changement d’aspect. 

C’est seulement en presence d’un exces d’alcaii que nous avoirs 
pu observer la teinte verdatre du produit intermediaire. Le precipite 
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bleu verdafre ne devenait completement vert que par dessiccation 
a 100°. II renfermait pour 1 quin presque 3 Gu, et sa composition 
etait tres inexacte, ce qui nous fait conclure qu’il s’agit ia d’un 
melange de quinoleate et de sel .>ol« basique, 7 ) et non pas d’une espece 
chimique. Cela 'est d’ailleurs atteste par le fait que lorsqu’on chauffe 
le liquide reactionnel le precipite verdatre devient vert brunatre et 
presente, a cet etat, egalement une composition peu definie, c’est-a-dire 
2 quin pour environ 3 Cn. En un mot, il nous a ete impossible de 
preparer a 1’etat individuel le precipite intermediate vert de Boeseken. 
Les precipites verdures qui se forment en presence d’un exces 
d’alcali s’etaient reveles etre des melanges. Si Ton se rappelle que des 
variations parfois insignifiantes du mode de preparation peuvent 
conduire a des hydrates differents, on s’expliquera sans difficulty que 
nous ayons pu obtenir constamment le sel acide anhydre, tres stable 
a 130°. 

Le sel cuivrique dit normal (1) de l’acide quinoleique, quin. Cii.H°0, 
bleu clair, renfermait, par contre, toujours 1 mol. d’eau attachee tres 
solidement, de sorte que meme une dessiccation tres prolongee 
a 130° n’a donne aucune perte de poids. De meme, dans aucun 
de nos essais nous n’avons pu obtenir le sel anhydre. On pourrait 
done formuler le compose I de la maniere suivante: 


/ \/G0—0\ . 

; /Cn- 

k nC. c0 ~9 / ... j 


OIL 


a) 


CO on 

Cu~ 

L 

b) 


0 

'OH 


/\/CO — 0 — Cn—OH 

i I 

! ! 

H^° 


c) 


Le groupe carboxyle libre devrait bien entendu former des sels 
mixtes ulterieurs. 

La lessive froide n’a opere qu’une dissolution partielle du corps 
avec formation du sel cuprisodique dit normal que nous signalons 
plus bas. Par la lessive chaude le corps devenait brun vert. Nous 


*) La forme bimoleculaire 


9 


/ \ /GO . 0. Cu . 0 . COs / \ 

I I 1 ■ I 

N .V /s CO. 0. Cu.O.CO / " X / 


n ? est pas non plus exclue. Chez les sels basiqties (/;, c) on pent encore supposer 
1’existence de sels -oh : 


Cu< 


OH’ 
HO - 


Mi¬ 


lt 
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nous sommes efforts d’introduire dans le groupe carboxyle libre un 
atome d’argent, sans toutefois reussir, que nous ayons traite le corps 
par l’azotate d’argent directement ou en solution ammoniacale. Par 
cristallisation dans l’ammoniaque il s’est formg le sel avec 1 mol. d’NH B . 

En faisant bouillir le compose 1 avec de l’acide azotique on obtient 
le sel dit acide, q\m«Cu. H« a l’etat de petites aiguilles bleu outremer, 
tres stables, de composition II: 

/\/COOH HOOC\/\ 

\^)\COO—Cu—OOc)\ , J 

A la difference du corps I le corps II est peu soluble dans l’eau, 
il est dissocie suivant le schema 

[qu\n 2 Cu]II 2 ^ [On . quin 2 ]" + 2 W. 

On peut l’envisager comme un acide [Cu . quin 2 ]7/o; sa nature 
acide se manifeste par le rougissement du papier tournesol et la 
formation de sels. Le corps se forme, en outre, par action ulterieure 
de Facide quinoleique sur le corps I, mais avec un rendement faible, 
ce qui confirme que la dissociation de ce corps est peu considerable. 

Par action des lessives il se forme des sels alcalins [Gu quin 2 ] 
K,.2H 2 0 et [Gu quin*] Na 2 .8 1I 2 0, aisement solubles dans 1’eau. 
L’un et l’autre sels sont en petits prismes d’un bleu intense; seches 
a 130“ ils perdent de l’eau et se desagregent en une poudre bleu 
clair. Le sel potassique perd lentement l’eau meme par un sejour 
prolonge a Fair. Les sels alcalins sont aisement solubles dans l’am¬ 
moniaque; toutefois la solution ammoniacale ne separe pas de produit 
d’addition mais le sel alcalin initial, ce qui temoigne d’un degr6 con¬ 
siderable de saturation coordinative de l’atome central de cuivre. Par 
action des acides mineraux les sels alcalins regenerent Facide II. Dans 
les solutions aqueuses des sels alcalins on peut facilement prouver 
Fexistence des ions des metaux alcalins, tandis que la presence de Fion 
Cu’ ne se laisse demontrer qu’au moyen de reactifs eriergiques 
(H«S ou KiFe{CN)§ a Febullition). Dans les solutions aqueuses le 
cuivre ne peut &tre decele par les lessives aicalines, l’iodure de potas¬ 
sium; avec le ferrocyanure de potassium afraid on obtient une colo¬ 
ration rougeatre, et c’est seulement a Febullition qu’apparait un pr6ci- 
pite floconneux. 

Avec Fammoniaque Facide II forme un sel normal d’ammonium 
[Cu . quin 2 ] (fVi/ 4 ) 2 anhydre, et, de meme que les sels anhydres alcalins, 
bleu clair, soluble dans l’eau, surtout a chaud. 
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Outre ceux decrits plus haut on peut preparer divers autres com¬ 
poses cuivriques de l’acide quinoleique par combinaison de leurs 
constituants dans le rapport necessaire, comme ii sera montre dans 
la partie experimentale du present travail. Ainsi, par exemple, on peut 
realiser les combinaisons; 

2 quin. Na. 11 -f- Cu" -* Cn quin 2 A r a 2 + 2 H' 

Cu quin 2 A T a 2 -j- Cu" ->■ 2 quin. Cu + 2 Na, etc. 

Mentionnons ici l’interessant phenomene de cristallisation qui 
apparatt lors de la formation, en solution neutre, du sel d’argent de 
l’acide quinoleique: II se separe rapidement un epais precipite ge- 
latineux (gel) qui se transforme, egalement avec assez de rapidite, 
en un precipite cristallin tombant au fond du vase. 

Partie experimentale. 

Preparation de 1’acide quinoleique C^H^NOi ?) 2 ) 

Dans un melange de 10 gr de quinoleine et de 40 cc. d’eau, chauffe 
au bain-marie, on a introduit par petites portions une solution a 3% 
de permanganate de potassium (en tout 87 gr de KMnO± dans 2-9 litres 
d’eau). Le bioxyde MnO z a ete ecarte par filtration, le filtrat a ete 
moderement acidule par RN0 S , evapore a faible volume, acidule de 
nouveau par HN0 8 , puis precipite par de l’acetate de plomb. Apres 
lavage, le sel plombique a ete decompose par H 2 S. L’evaporation 
a faible volume a fourni de petites ecailles jaunes, fondant, apres re- 
cristallisation dans l’eau chaude avec decoloration au noir animal, entre 
185 et 190° en se decomposant partiellement; une decomposition 
ulterieure et complete a lieu vers 225°. Apres nouvelle recristallisation, 
le rendement etait de 2 gr de produit faiblement jaunatre. 

Titrage de I’acide quinoleique. 

0 - 2427 gr d’acide dans 100 cc. d’eau ont consomme, a chaud, 294 cc. 
de NaOH N /10 (indicateur phenolphtaleine): 

Consommation observee 04164 gr de NaOH. 

Consommation calculate pour quin Na 2 04162 gr de NaOH. 

Quinoleate acide de sodium, quin Na . H. 

1 gr d’acide a ete dissous dans 6'03 cc. NaOH normal (rapport 
moleculaire 1:1). La solution separe de petites aiguilles blanches, 
luisantes, aisement solubles dans 1’eau, a reaction acide. 
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A 100", aucune perte de poids n’a pu etre constatee. Chauffe en 
tube capillaire, le sel devient un peu {once vers 260° sans qu’on 
puisse observer d’autre changement au-dessous de 320°. Le dosage 
d’azote*) a ete opere sur un produit sech€ pendant 24 heures sur 
une plaque poreuse: 

Substance: 8'6 mgr, N 0 - 579 cc. (26*5°, 738-6 mm). 

Quin Na.ll (p. m. 189): Trouve N 7'45 ft / 0 . 

Calcule N 7-41%. 

Quinoleate acide d’argent, qu\n . Ac/. H A H. z O. 

11 se forme dans les solutions acides meme en presence d’un exces 
40 cc. d’acide quinoleique N/20 sont additionnes de 20 cc. de 
AgNO s Nj 10 (1 quin: 2 Ac/). En peu de temps, la solution separe des 
groupes de fins cristaux blancs, aciculaires jusqu’a capillaires, qu’on 
desseche sur une plaque poreuse. Les eaux meres, fortement acides, 
renferment la moitie de 1’argent mis en oeuvre. 

Chauffe en tube capillaire, le sel se decompose a 210° environ, il 
est facilement soluble dans l’ammoniaque, un peu soluble dans 1’eau. 
La solution aqueuse est acide et donne avec NaCl un precipite de 
Af/Cl. 

A 100° il y a perte d’eau, a 130° on observe une odeur de 
caramel et une decomposition partielle. 

Analyse: 

Substance: 9‘90 mgr, N 0'394 cc. (20°, 749 mm). 

0-0872 gr, Ag 0"0323 gr. 

0'0872 gr, perte a 100" 00054 gr. 

Quin Ac/.H.lhO: Trouve N 4-57%, A;/ 37-04 gr, 11,0 6-19%. 

Calcule N 4 ‘78%, 36-96%, 6’ 17%. 

Quinoleate d’argent, quin . J// a . 

On l’obtient aisement en milieu neutre ou faiblement alcalin. 
A 10 cc. d’acide quinoleique 7V720 sont ajoutes 5 cc de AgN0 3 
A T /10 (1 qnmi2Ag), puis V5 cc. d’acetate de sodium Nj 1. 

H se forme aussitot un gel consistant qui occupe entierement le 
volume du liquide. Au bout d’un temps assez court toutefois, le gel 
se desagrege pour donner un precipite cristallin blanc qui se rassemble 

*) Le^ dosages d’azote ont tous ete effectues par la micromethode Dumas- 
Dubsky. 
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rapidement au fond du vase. On filfre et on lave a 1’eau (dans 
laquelle le produit est peu soluble). 

Seche a Pair libre pendant 24 heures, le corps ne subit plus de 
changement a 100° ou meme a !30°. 

Analyse: 

Substance: 0'0337 gr, Afi G’0192 gr. 

Quin. Jr/ 2 : Trouve Afi 56’97%. 

Calcule Afi 56-66%. 

Quinoleate normal de cuivre, quin . Cu .H*0. 

1. Quin . H. 2 4- Cu" + H*0 -* quin . Cu. H. 2 0 + 2 H\ 

A VI gr d’acide dans 400 cc. d’eau on ajoute 2 gr d’acetate cui- 
vrique dans 50 cc. d’eau. Le precipite bleu clair pulverulent, maintenu 
a 50°, se depose au bout de plusieurs heures. La precipitation est 
sensiblement quantitative, le filtrat est incolore et possede une reaction 
acide. Apres lavage a l’eau, le produit a ete seche, pendant 3 jours, 
sur de la porcelaine degourdie. 

2. Quin .Na.H + Ou + H. 2 0 — quin . Cu . H,0 -4- Na 4- H\ 

1 gr d’acide dissous dans 6‘03 cc. de NaOU N/\ est additionne 
lentement de 24 cc. d’une solution 27/2 d’acetate cuivrique (1 quin: 

1 Na: 1 Cu). Tant qu’on n’a pas introduit la moitie de 1’acetate cui¬ 
vrique, la solution acquiert une couleur bleu intense sans precipiter, 
ce n’est qu’a partir de ce moment qu’elle commence a separer un 
corps bleu vert d’abord, virant bientot au bleu pur. Le filtrat est 
incolore, de reaction acide, et ne precipite plus par l’acetate cuivrique. 
Le produit bleu clair, microcristallin, se laisse aisement laver, il ne 
renferme pas de Na. 

3. Quin . Na 2 + Cu" + H,0 — quin . Cu. 1NO + 2 Na. 

1 gr d’acide, 12’06 cc. de NaOH 27/1, 24 cc. d’acetate cuivrique 27/2 
(1 quin.: 2 Na: 1 Cu). L’aliure de la reaction est celle de 1’essai 2, 
mais le precipite forme en solution neutre ne se laisse filtrer que 
difficilement. II a ete purifie par decantation lente et lavage a l’eau, 
puis seche pendant 3 jours sur une plaque poreuse. Le produit 
obtenu forme une poudre bleu clair. 

4. 17 gr d’acide quinoleique dans 400 cc. d’eau, 10 cc. de KOH 

2 27 (exces d’alcali), 2 gr d’acetate cuivrique cristallise dans 50 cc. d’eau. 
L’aliure de la reaction est analogue a celle decrite dans 1’essai 2, 



472 


mats le precipite a une nuance verdatre. Les eaux meres sont d’un 
bleu intense. Le produit a ete analyst apres lavage a l’eau et des- 
siccation, prolongee a 2 jours, sur une plaque poreuse. 

Substance: 

0‘ 1157 gr, perte sur CaCl 2 0 0044 gr .... 3-80%. 

perte a 100° (avec verdissement) 0*0089 gr ... . 7'69°/ 0 . 

apres evaporation avec i/ 2 6'0 4 

concentre'et calcination 0-0595 gr de CuO 41-09% deCn. 

11-10 mgr, N 0-278 cc. (24°, 749'3 mm) . . . .27 2-93%. 

18-78 mgr, N 0-446 cc. (18°, 745 mm) . N 2-73%. 

Rapport N: Cu 1:3'09 resp. 1:3*32. 

Nous pensons qu’il s’agit la d’un melange d’acEtate basique »oU 
avec le quinolEate cuivrique. Les eaux meres bleues ont separe a 50° 
un precipite bleu clair de sel normal cuivrique. Apres son Elimination 
par filtration et concentration du filtrat a faible volume, apparurent 
de petits cristaux prismatiques, d’un bleu intense, et dont il sera question 
plus bas. 11 se forme done en presence d’un exces d’alcali successi- 
vement trois produits: un corps basique de composition indefinie, 
le sel normal cuivrique 1, un sel cupripotassique. 

Lorsque le melange reactionnel de 1’essai 4 est chauffe au bain- 
marie, le precipite se transforme en une poudre vert brun, insoluble 
dans 1’eau et dans falcool, aisement soluble dans l’ammoniaque et 
l’acide azotique. L’analyse du produit fait voir qu’il ne s’agit pas la 
d’un corps defini mais seulement d’un melange. 

Substance: 

0-1358, gr perte sur CaCJ 2 0'0029 gr . . . 244%. 

perte a 100° 0-0059 gr . . . 4 - 34%. 

0-1358 gr GuO 0*0603 gr . . . 35*48% de Gu. 

12-11 mgr, N 0-515 cc. (16-5°, 740 mm) . . 4‘88% de N. 

Rapport N : Cu 1:1 *67. 

Analyse: 

1. Substance 04064.gr, CuO 0-0341 gr . . . 25-60% de Gu. 

2. » 0-0735 gr, CuO 0-0234 gr . . . 25-43°/ 0 de Gu. 

4. » 0-1078 gr, CuO 0-0344^r . . .25*49% de Cu. 

2. » 11 -00 mgr, N 0-570 cc. (24°, 740‘2 mm) 5-83% de N. 

3- * 8-17 mgr, N 0'399 cc. (24°, 744-2 mm) 5-49% de N. 

* 13 22 mgr, N 0*665 cc. (17°, 740’0 mm) 5*76% de X. 
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CalcuI6 pour quin. Cu.H. 2 0 (poids moleculaire 246'6) 25-79% de 
cuivre, 5'68% d’azote. 

Proprietes: 

Le corps est microcristaliin jusqu’a pulverulent, bleu clair. Chauffe 
en tube capillaire, il devient jaune vert a 270° environ avec faible 
degagement de gaz, vers 300°, il y a complete decomposition. Entre 
100° et 130° on n’observe ni changement d’aspect, ni de poids. .11 est 
insoluble, meme a chaud, dans 1’eau, 1’alcool, l’ether, peu soluble dans 
Tacide acetique, mieux dans NciOlT 2N. Dans Tacide azotique 2 N 
il se dissout lentement, moins lentement dans HNO s de densite 1 - 2 , 
rapidement dans HNO s concentre. L’ammoniaque concentree le dissout 
aisement en donnant un liquide bleu fonc£. 

Action de Tammoniaque: 

0-55 gr de quin . Cu . H 2 0 sont dissous dans 2 cc d’ammoniaque 
concentre. Au lendemain, la solution violette offre un depot de petits 
cristaux semispheroidaux bleu violet intense. Lors de leur ecartement 
il y a aussitot separation, en grande quantite, d’une poudre cristalline 
bleu clair. 

Les cristaux semispheroidaux bleu fonce sont insolubles dans 
Teau, sous Taction des acides dilues ils regenerent le corps initial 
bleu clair. Ils ne sont plus solubles dans la pyridine. Une fois 
isoles, les cristaux sont assez stables au contact de l’air, a 100°, ils 
prennent rapidement une couleur bleu clair et perdent, apres 5 heures 
de dessiccation, 2 mol. d’eau. 

En tube capillaire, ils deviennent fonces vers 200°; a 265°, ils se 
retrecissent sans qu’on puisse observer de decomposition ulterieure 
jusqu’a 320°. Apres dessiccation a 100°, les cristaux renferment presque 
la totality de Tazote initial (trouve: N 913%), pendant la dessiccation 
ulterieure & 130°, leur poids ne change plus. Dans quelques-uns 
des essais on a obtenu, au lieu des cristaux semispheroidaux, des 
cristaux grenus, avec un rendement quantitatif si la cristallisation se 
faisait sans agitation. 

Analyse: 


Substance: 00819 perte a 100° 0-0104 gr . H 2 0 12-70%. 

0 0819 gr, CuO 0-0231 gr . Cu 22-53%. 

6-04 mgr, N 0-522 (19°, 738-6 mm) . . N 9'82%. 

9-42 mgr, N 0-782 cc. (15-4°, 7357 mm) . . N 9-51%. 


Calcule pour quin. Cu.NH s .2 11,0 H,0 12-79%, Cu 22'57%, N 9’94%. 
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Le precipite bleu clair est lui aussi insoluble dans i’eau, a 100°, 
il conserve son aspect, mais lorsque, apres quelques jours, son poids 
devient constant, la perte fotaie correspond a 2 HJ). 

En tube capillaire, le corps se retrecit a 266° et prend une teinte 
foncee sans plus s’alterer jusqu’a 320°. La composition correspond 
a ceile des cristaux bleu fonce. 

Analyse: 

Substance: 0‘0900 gr, perte a 100° 00101 gr . . 1I/J 11-22%. 

0-0900 gr, Ch 0-0260 gr . . Cu 23-08°/ 0 . 

5-37 mgr, K 0-446 cc. (16°, 736 mm) N Q'50%. 

12-21 mgr, iV 1112 cc. (22°, 749 mm) N 10‘38%. 

Calcule: 7f 2 0 12-79’Vo, Cu 2257°',,, X 9-94%. 

Action des lessives: 

Apres addition de quinoleate cuivrique a une solution Nj 10 de 
soude caustique (dans le rapport moleculaire 1:1), a la temperature 
ordinaire, ce n’est qu’apres quelque temps qu’on observe la formation 
d’un liquide bleu fonc£. La dissolution ne se fait que fort lentement. 

Meme apres 3 jours et en agitant de temps en temps, une partie 

considerable du precipite reste non dissoute. Le liquide bleu intense 
depose, lorsqu’on 1’abandonne, de peiits prismes caracteristiques du 
sel cuprisodique quin 2 C« . Na. z . 8 H/J. 

Lorsque le melange reactionnel est porte a l’ebullition, la partie 
non dissoute passe a 1’etat d’un precipite pulverulent brun vert, 
ressembiant au corps decrit page 472. L’ebullition avec l’eau du sel 
quin . Cu . H. 2 0 ne produit pas de changement de couleur meme apres 
un chauffage prolonge; pour que la transformation ait lieu, il faut 
ajouter une goutte d’alcali. Le filtrat bleu apres le precipite brun vert 
separe de nouveau du sel cuprisodique. 

La potasse caustique se comporte de meme, les solutions deposent 
le sel cupripotassique quin .Cu. K. z . 2 H.,0. 

Essai: Quin. Ca.lL/J + A;,X0 3 + NIL,. 

11 a eie fait pour decider si le sel cuivrique presente un groupe 
carboxyle libre: 0‘5 gr de sel quin .Cu.ll/ sont additionnes de 20 cc 
A'AgNOz TV/10 (1 quin: 1 Ac/), puis melanges soigneusement. Pas 
mSme apres un temps prolonge on ne peut observer de changement 
du precipite, et la prise d’essai, lavee a l’eau, ne contient pas d’argent. 
La solution fait deposer de menus cristaux grenus, bleu fonce, qui 
ne renferment pas d’argent; ils ont pu etre reconnus comme etant 
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le sel quin . Cu. NH S . 2 H 2 0. La totalite de 1’argent a pu etre retrouvee 
dans Ie filtrat apres ces crisiaux. 

Quinoleate acide de'cui vre, Cu . quin 2 lf 3 . 

1. 2 quin . ll 2 4- Ch(0H) 2 -> Cu quin . 2 H. 2 4- 2 H,0. 

A un melange de 1-25 gr de CuSOi. 5H. 2 0 dans 10 cc. d’eau et de 
L58.gr de Ba{0H ) 2 .8 H 2 0 dans 50 cc. d’eau, on a ajoute, en melan- 
geant, 170 gr d’acide quinoleique dans 450 cc. d’eau. L’hydroxyde 
cuivrique s’est rapidement dissous. Apres une heure de chauffage au 
bain-marie et filtration, le liquide bleu clair a ete concentre a 50°, 
apres quoi il separa de petites aiguilles bleu violet. Le sulfate de 
baryum recueilli renferme une quantite considerable de produit absorbe 
qu’on peut recuperer par digestion du precipite avec de l’acide azo- 
tique (1:1). 

2. Quin . Oh . 11,0 + quin H. 2 — On quin 2 ff 3 -f H,0. 

a) 0’62 gr de quin . Cu . H. 2 0 ont ete agites avec 0'42 gr d’acide 
quinoleique dans 150 cc. d’eau. 

Le sel cuivrique n’entre pas visiblement en solution. Sur un autre 
echantillon on a pu constater que la dissolution n’a meme pas lieu 
a 1’ebullition. Le melange a ete maintenu ensuife au bain-marie pen¬ 
dant une journee entiere, puis filtre. Le filtrat, concentre par evapo¬ 
ration, separait une faible quantite d’aiguilles bleues de sel acide, 
atieignant jusqu’a 1 mm, a cote des ecailles jaunatres de l’acide echappe 
a la reaction. 

b) Le melange reactionnel signale sub a) a ete mis en solution 
par addition de 8 cc d’acide azotique concentre, puis £vapore a la 
moitie de son volume au bain-marie. Le residu separa bientot des 
cristaux bleus de sel acide, dont la solution ne renfermait pas d’ion 
'NO,'. Les eaux meres ont fourni une nouvelle portion de ce sel sous 
forme d’une poudre bleue un pen plus claire. 

3. 2 quin. Cn.ll. 2 0 + 2 HNO s — On quin 2 F 2 + Cu(N0 3 ). 2 + H % 0. 

0*5 gr de sel quin. Cu. H 2 0, chauffes a l’ebullition avec 20 cc. 
d’acide azotique (d 1*2) entrent completement en solution. Apres 
quelque. temps, le liquide fait deposer de petites aiguilles luisantes, 
bleu outremer. 

4. Quin 2 6V,. A% -f 2 1IN0 S — quin 2 0n . M. 2 + 2 NaNO*. 

Une petite quantite de quinoleate cuprisodique est additionnee 
d’acide azotique d 1*2. Les cristaux, bleu fonc6 au debut, deviennent 
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plus clairs et se desagregent en un precipite floconneux qui entre 
en solution au bout rie quelques jours. La solution separe des aiguilles 
de sel acide. 

Analyse: 

1. Substance: 0‘0657 gr, CnO 0-0136 gr. . . <’u- 16-49%. 

0-1293 or, CuO 0’0265 gr . . . Cu 16-37%. 

2. > 0-1311 gr, CnO O'OIM gr . . . Cn 16-09%. 

» 0-0833 CuO 0-0166^/-. . .(hi 15'92%. 

3. » 0-0874 g-r, CuO GDI76 gr . . . On 1609%. 

1. » 7"06 mgr, N 0"445 cc. (18°, 748'6 mm) N 7'28 l} 0 . 

3. » 8-78 mgr, N 0-543 cc. (16°, 748-0 mm) N 7-19%. 

Calcule pour Cu . quin 2 77 3 Cn 16-07° ' 0 , N 7-12%. 

Proprieies: 

Le sel est en petites aiguilles luisantes, de couleur bleu outremer, 
ou en poudre cristalline de teinte plus ciaire. II est insoluble dans 
1'aicool et Tether, peu soluble dans Peau. Dans Palcali 2N ou Tacide 
azotique concentre il se dissout lentement, aisement dans Tammo- 
niaque. En tube capillaire, il se decompose entre 297 et 304°, mais 
deja vers 257° il y a faible degagement de gaz. Maintenu entre 100 
et 110°, il ne subit aucune perte, pas meme apres chauffage a 130° 
prolonge a 7 heures. Sa solubilite, quoique faible, se revele le mieux 
par Paction sur le papier tourneso! en presence d’une goutte d’eau. 

Quinoleate cuprisodique Cu quin 2 A T a 2 .8/f 3 0. 

1. Cu quin,% + 2 NaOH — Cu quin. 2 A r a 2 + 2 II. 2 0. 

O'187 gr de sel Cu quin. 3 if 2 sont dissous dans 9-45 cc. de NaOH N 10 
(1 Cu:2Na). Apres 10 minutes d’agitation, le sel mis en oeuvre entre 
entierement en solution; le liquide bleu, evapore a faible volume, 
separe de petits cristaux prismatiques d’un bleu violet intense, atteignant 
jusqu’a plusieurs millimetres, aisement solubles dans l’eau. La trans¬ 
formation est quantitative, car apres Tevaporation a siccite des eaux 
meres on n’obtient pas d’autre produit. 

2. 2 quin Na 2 + Cu" Cu quin 2 2Va. 2 % 2 Na. 

Une solution de 0 - 5 gr d’acide quinoleique dans 6 cc de NaOH Nj 1 
est additionnee de 6 cc. d’acetate cuivrique Nj 2 ou d'une dose equi- 
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valente de CuSO^ (rapport quin: Na: Cu — 2:2:1). La solution bleu 
intense fait deposer de pefits crisfaux prismatiques, luisants, qu’on 
lave avec un peu d’eau et qu’on desseche sur une plaque poreuse. 

Analyse: 

Substance: 0-1329 gr, CuO 0-0183 gr, Cu 11-00%. 

0-1329 gr, Na 2 S0i 0 0325 gr, Na 7'92%. 

15-04 mgr, N 0‘643 cc. (21°, 738-0 mm) N 4*82%. 

23-11 mgr, N 1-000 cc. (235°, 742 mm) if 4-86%. 

11-48 mgr, N 0-489 cc. ( 23 - 2 °, 743‘2 mm) if 4-81%. 

0-0663 gr, perte a 100° 0-0099 gr H 2 0 14-93%. 

perte a 130° 00118 H 2 0 17-80%. 

Calcule pour Cu quin. 3 Zf« 2 18 H z 0 Cu 10 90%, 

Na 7"88%, N 4*80%, pour une perte de 5 H.,0 15'52 n / 0 , 
pour 6 H. 2 0 18-51 %. 

Proprietes: 

Cristaux prismatiques bleu violet intense, luisants, aisement solubles 
dans l’eau. En tube capillaire, le point de decomposition est a 265°. 
La solution aqueuse n’est precipitee par les lessives ni a froid j 
ni a chaud. Le cuivre ne se laisse pas deceler par l’iodure de 
potassium, pas meme a l’ebullition. Le ferrocyanure de potassium, 
a pres acidulation par de 1’acide acetique, ne donne qu’une solution 
rougeatre, et c’est seulement a i’ebullition qu’il se separe, rapidemenf, 
un precipite volumineux de sel cuivrique. Un precipite floconneux 
se separe aussi apres un repos prolonge, contrairement a ce qu’on 
observe pour les solutions d’acetate cuivrique de meme concentration, 
qui precipitent par le ferrocyanure immediatement et deja a froid. 
L’hydrogene sulfure en milieu acide produit aussitot un trouble de 
sulfure cuivrique. Les solutions aqueuses du sel cuprisodique ne 
donnent pas de precipite avec A<j, Pb", Co", Ni", Mn", AT", Zn, 
Mg', Sr", Ca". Seul JBa" en donne un. Additionnees d’acetate cuivrique 
elles ne subissent d’abord pas de changement visible, c’est seulement 
apres quelque temps qu’il y a formation iente d’un precipite bleu 
clair de sel normal cuivrique. 

Seches a 100°, les cristaux perdent leur transparence, deviennent 
bleu clair, a 130°, ils se desagregent en une poudre bleu clair. Celle-ci 
se dissout il est vrai dans l’eau, mais la solution fait deposer a cote 
du sel initial des traces d’un corps blanc. Par dessiccation a 100° le sel 
perd 5 11*0; a 130°, presque 6 IPO, en se decomposant partiellement. 
Au contact de l’air les cristaux se montrent assez stables. 
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Quinoleate cupripotassique Cu quinoKlj. 2 ILO. 

II se forme, de maniere analogue a celle decrite a propos du sel 
cuprisodique, par melange de quinoleate de potassium et d’acetate 
cuivrique dans le rapport approprie, ou par dissolution de On quin 2 //,^ 
dans la potasse caustique. II est en petits cristaux bleu intense. 

Analyse: 

Substance: 0*2044 gr, CuO 0*0325 gr, Cu 12-63%. 

O'1128 gr, CuO 0-0176 gr, Cu 12*47°/ 0 . 

7*12 mgr , N 0'366 cc. (22°, 749*5 mm) N 5*87%. 

Calcule pour Cu quia 2 2f 2 • 2 Hfi Cu 12*52°/ 0 , N 5*51 %. 

Substance: 0 2044 gr, perte a 100° 0*0155 gr 7'58%- 
O'1128 gr, perte a 100° 0*0080 gr 7*09%. 

Perte calculee pour 2H.fi 7'07% • 

Proprietes: 

Petits prismes luisants, bleu intense, insolubles dans Palcool, 
aisement solubles dans 1’eau, l’ammoniaque, se dissolvant lentement 
dans HN0 & 2 N; au contact de NaOll 2 N ils deviennent plus clairs et ne 
se dissolvent que partiellement. En tube capillaire, ils brunissent a 245". 

Dans les solutions aqueuses on ne peut que difficilement demontrer 
Pexistence des ions Cu" (de meme que chez le sel cuprisodique), 
tandis que l’ion K' se laisse constater d’une maniere tout a fait normale 
en precipitant par [Co(A T 0 2 ) e ]A T a 3 . 

Au contact de Pair, le corps s’effleurit lentement en devenant bleu 
clair; il perd une partie de son eau deja sur CaCl 2 , toute son eau 
a 100°. Le residu est bleu clair. 

La solution ammoniacale ne separe pas de produit d’addition 
avec NH S mais le corps initial: 19*95 mgr de cristaux qui s’etaient 
deposes dans la solution ammoniacale, ont donn£ 0*995 cc. d’azote 
a 23° et 749 mm, ce qui correspond a 5*44% d’azote, alors que le calcul 
en exige 5*51 °/ 0 . 

Quinoleate cupriammonique Cu quin 2 (A r 17j) 2 . 

Le sel acide Cu quin a Hi, est dissous dans Pammoniaque concentree. 
La solution bleu fait deposer de beaux petits cristaux bleu clair, un 
peu solubles dans l’eau froide, bien solubles dans l’eau chaude, in¬ 
solubles dans Palcool. En tube capillaire, il y a noircissement aux 
environs de 260°, sans qu’il y ait changement ulterieur jusqu’a 300°. 
A 100°, on ne constate aucune perte de poids, a 130°, il y a decom¬ 
position partielle. 



Analyse: 

Substance: 1359 mgr, X 1'602 cc. (22°, 749’4 mm) X 13-44° ,,. 
Calcule pour Cn qum„{NH,). z N 13-10%. 

Institat de Chimie analytique de la Faculte 
des Sciences a I’Universite Masaryk de Brno 
(Tchecoslovaquie). 

Notes: 

*) Zd. H. Skraup: M. 1881, 2, 147. 

a ) S. Hooge werf f et W. A. van Dorp: Rec. 1882, L 110. 

/\/COO. 
quin. = | | 

\V' /s 'C00. 

’) Philips: A. 2SS, 257. 

,T ) Lang, Skraup: M, S, 313. 

°) J. Boeseken: Rec. 1893, 72, 253. 

7 ) Memoire sur les sels ul, voir Collection 1930, IL, 266. 



RESEARCHES ON THIAZOLES. XVII. AN INVESTIGATION 
OF THE CONNECTION BETWEEN CONSTITUTION AND 
COLOR IN THE THIOFLAVINE GROUP 


by MARSTON TAYLOR BOOERT and WILLIAM SIMPSON TAYLOR. 

Of the thiazole dyes which have found commercial application, 
Thioflavine T (Colour Index No. 815) is one of the most interesting. 
Although the tonnage used annually is small, as compared with the 
more popular dyes, the demand for it still persists because, like 
Quinoline Yellow (Colour Index No. 801), it is one of the few dyes 
which give yellow shades with a highly prized greenish tone. Its 
structure is also noteworthy, not alone because it is a quaternary 
salt, but also because, as its discoverer Green himself pointed out, 
it is at least unusual for an amine like the iV-dimethyl derivative of 
dehydrothio-p-toluidine, itself devoid of any tinctorial properties, to be 
converted into a dye merely by the addition of an alkyl halide. 

Thioflavine was described first in 1889 by Green, 1 ) and in the 
same year Rosenhek 2 ) took out U. S. patents covering its manu¬ 
facture. In both cases, the reaction consisted simply in the alkylation 
of dehydrothio-p-toluidine (I) either by alkyl halide or by the alcohol 
and hydrochloric acid. The constitution of the product of such alky¬ 
lation, however, has never been determined. Green 1 ) placed the alkyl 
halide on the nuclear N (11). Schultz 8 ) formulated it similarly, but with 
an additional HGl on the -N{CU 3 ). 2 group (111). Cain and Thorpe*) 
attached the alkyl halide to the -N(CH 3 )* group (IV),whereas Mohlau 
and Bucherer 5 ) assumed a sulfonium structure (V) for the compound. 
All of these formulas were purely assumptive and without experimental 
proof of their correctness in so far as the location of the alkyl halide 
group was concerned. 

<6) CH^lkC^C. CqHiNIL (p) (6) C7f 3 6' e ff 3 <|>C. 
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(6) CTAAff s <|>6\ CJhmfJH^HCl 
CH^^Ol 
(HI) 

(6) Ctf 3 Cy/ 3 <|>0. G.HMCH^Cl 

‘ (IV) 

( 6 ) CH P ,0 (i lI H <:^>0 . C 6 H 4 N(CH s ) 2 

^ (V) 

Bogert and Allen 6 ) studied the effect of constitution upon 
color in the case of certain isomeric thioflavines, in which the posi¬ 
tion of the methyl group upon the benzothiazole nucleus and of the 
amino group upon the 2-phenyl nucleus were varied, but did not 
attempt to prove the location of the alkyl halide itself in these dyes. 

It seemed desirable, therefore, to look into this question, in the 
belief that some light might be thrown upon the problem and further 
knowledge gained concerning the bearing of structure upon tinctorial 
properties. 

The syntheses carried out in the course of the work are indicated 
on the flow sheets which follow. These sheets are arranged according 
to the initial material used. (Flow Sheet A—C viz. p. 483 and 484.) 

Flow Sheet A shows the zinc salt of o-amino phenyimercaptan, 
or the o-aminophenyl disulfide, as the progenitor of those benzo- 
thiazoles in which the substituents are on the 2-phenyl and not on 
the benzothiazole nucleus. 

In Flow Sheet B, the point of departure is the dimethyl-jj-pheny- 
lenediamine thiosulfuric acid (XI), from which were obtained benzo- 
thiazoles carrying a dimethylamino group in Position 6 on the benzo¬ 
thiazole nucleus, as well as substituents on the 2-phenyl. 

Flow Sheet C shows the products derived from p-phenylene- 
diamine mono- and di-thiosulfuric acids (XX and XXI), and includes 
benzothiazoles with simple or methylated amino groups in Position 6 
of the benzothiazole nucleus and also on the 2-phenyl, as well as 
a few benzobisthiazoles. 

The first line of attack was the attempted preparation and methylation 
of the following four compounds: 

(VII) 

(6) H»FC & H 3 <^CC 6 H i NH ! , (p) (XXVIIi) 


2 
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(6) R 2 NG 6 H 3 <^CC li H i NH 2 (l>) (XIV) 

(*) 7/ 2 AYJc^6 , <f>C' 6 // 2 <|>C'6' B ff 4 iV'i/ 2 (p) (XXXIV) 

In 1894, a patent application 7 ) was filed in Germany, which was 
withdrawn the following year, and which claimed the manufacture 
of yellow basic thiazole dyes by heating under pressure for 15 hours 
at 170° 2r(jp-aminophenyl)-benzothiazole with hydrochloric acid and 
methyl alcohol. These dyes were stated to be soluble in faintly acidu¬ 
lated water, and to dye shades essentially greener and faster to chlo¬ 
rine than the dyeings obtained with the thioflavines prepared from 
dehydrothio-jj-toluidine ordehydrothio-w-xylidine under the Cassella 
patent. 8 ) 

This patent application made the interesting assertion, further, that 
the dehydrothio bases from m- or ^-xylidine gave alkylation products 
whose salts were not suitable for dyeing, whereas the base from 
o-xylidine (m. p., 49°) gave good dyes when alkylated. 

The first three compounds depicted above (VII, XXVIII and XIV) 
were synthesized, but not the fourth. Methylation was undertaken 
by heating these three amines with methyl alcohol and hydrochloric 
acid under pressure, but the products, even after laborious purifi¬ 
cation, failed to give satisfactory analytical results, so the plan of 
attack was changed, and dimethylamino-benzothiazoles were heated 
in a Parr bomb at 100°—110° with excess of methyl iodide. This 
method yielded quaternary salts without the liberation of any halogen 
acid, and the products were generally obtained easily in satisfactory 
analytical purity. 

The thiazoles used in these reactions were 


C.U^pzCCJ-hNMe, ( p) 

(IX) 

(6) Me 2 NC,H 3 C^CC 0 H n 

(XII) 

(6) Me. 2 NC\H 3 <.^GC 3 E,NMe i ( p) 

(XVII) 

( V) Me^NGMC^yCeH^^CC^NMe^ (p) 

(XXXIII) 

The methiodide from the first of these thiazoles (IX) crystallized 
from water in pale-yellow platelets, while its isomer from the second 
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one (XII) separated from the same solvent in nearly colorless micaceous 
scales. The third thiazole (XVII) yielded an orange-red monome- 
thiodide and a pale yellow dimethiodide. No pure products could be 
obtained by the action of methyl iodide upon the benzobisthiazole 
(XXXIII). 
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The third and final assault upon the problem of the consti¬ 
tution of these methiodides consisted in the direct synthesis of iodo- 
trimethylaminophenyl-benzothiazoles by condensing jp-iodotrimethyl- 
aminobenzaldehyde with either the zinc o-aminophenyl mercaptide or 
with the jj-phenylenediamine thiosulfuric acids. Unless, as seems very 
unlikely, the methyl iodide shifts its location in the course of the reaction, 
such a condensation must result in a quaternary salt carrying its — 
NMe s I group in the para — position on the 2-phenyl nucleus. This 
gave us therefore a proof of the structure of some of the methio¬ 
dides under investigation. The following were prepared by this method: 

C,E A < S N ^CC < .H i NMe & I (p) (VIII) 

(6) Me,NG,E n <^GCEhEMe z l (p) (XV) 

(6) IMesNCsEiGE : NC,H 3 <^CC ( EiNMe 3 I (p) (XXXI) 


The first of these (VIII) crystallized from water in nearly colorless 
micaceous scales and was not identical with the methiodide (X) pro¬ 
duced by the action of methyl iodide upon the 2-(p -dimethy lamino- 
phenyl)-benzothiazole (IX). Hence, the formula assigned to Thioflavine 
by Cain and Thorpe 4 ) (IV) is probably incorrect. Nor did the 
analysis of the purified dyes show the presence of the additional 
molecule of halogen acid which appears in the Schultz 3 ) (III) formula. 
Further, when Mills, Clark and Aeschlimann 9 ) subjected benzo- 
thiazole methiodide to the action of strong sodium hydroxide solu¬ 
tion they obtained the o-methylaminophenyl disulfide. Later, Clark 10 ) 
carried out a similar reaction with the 2-phenyl derivatives and isolated 
the o-methylbenzoylaminophenyl mercaptan compounds: 

C * U *S*Kce» { C « Hi< GS r HCHX 


0 6 E *■ 




0 . C& 
CE S 


C e E 4 v 


-SE 

'N(GE 3 Y 


,-COCaHk 


These results furnish no support to the formula proposed by 
Mohlau and Bucherer 5 ) (V). 

The weight of the evidence, therefore, is that the structure of 
Thioflavine T (Colour Index No. 815) is as originally formulated 
by Green 1 ) (II). 
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Dye tests were carried out with the various methiodides prepared 
and led to some interesting results. A carefully purified sample of 
commercial Thioflavine T *) was used as a standard for reference, 
although this trade product was a methochloride and not a meth- 
iodide. All dyeings were made on silk and the procedure was the 
same in all cases. The dyeings obtained resembled, but did not appear 
to be inferior to, those produced by Thioflavine T and, like them, 
were not very stable to light or to washing. 

2-(p-IodotrimethylaminophenyI)-benzothiazole. (VIII) possessed no 
tinctorial power at all and its aqueous solution was colorless. On the 
other hand, the isomer, (X) with the Mel upon the nuclear N, prepared 
by the action of methyl iodide upon 2-(#-dimethylaminophenyl)- 
benzothiazole (IX) gave a yellow solution in water which dyed silk 
a deeper richer yellowish green than Thioflavine T. Although the 
Thioflavine contained a methyl group more than the new dye, this 
was more than offset by the fact that the latter carried an iodine as 
against the chlorine of the former. 

The methiodide of 6-dimethylamino-2-phenyl-benzothiazole (XXXV) 
gave a colorless aqueous solution without tinctorial power. This 
compound therefore was probably the 6-iodotrimethylamino-2-phenyl- 
benzothiazole. 

The aqueous solution of the 6-dimeihylarmno-2-(jp-iodotrimethyl- 
aminophenyl)-benzothiazole (XV) was a very pale yellow with a decided 
greenish fluorescence and the color it produced on silk was a pale 
yellowish green. 

The monomethiodide of 6-dimethylamino-2-(p-dimethylaminophe- 
nyI)-benzothiazole (XVIII) dissolved in water to an orange solution 
which dyed silk a superb vivid deep golden yellow, much darker 
and tinctorially more powerful than the standard, but with the greenish 
undertone less pronounced. Its Mel is, therefore, probably attached 
to the nuclear N. 

The dimethiodide, however, gave a colorless aqueous solution 
which was without tinctorial power. These facts indicate that the 
compound is probably a di-iodotrimethylamino derivative (XIX) and 
carries no Rl on its nuclear N. 

Finally, the 6-(_2)-iodotrimethylaminobenzalamino)-2-(j)-iodotrimethyl- 
aminophenyl)-benzothiazole (XXXI) dissolved in water to a greenish 
fluorescent solution which dyed silk a very pale green. It is worth 

*) Supplied through the courtesy of E. I. du Pont de Nemours & Co., 
Inc., Wilmington, Del., to whom we wish to express our appreciation of their 
cooperation. 
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noting that, in both the aqueous solution and the dyeings, there was 
but little difference between (XV) and (XXXI), the former being 
somewhat yellower. 

Table A shows these relationships more graphically. 



Table A. 

Color of 

Shade on 



solution 

silk 

(VIII) 

C,E i <^CC e E i NR 8 I(p) 

none 

none 

(X) 

C,E i <^CC 6 E i NR 2 (i>) 

yellow 

greenish 

yellow 

(XXXV) (§) IR 3 NC,E z <^GG B E h 

none 

none 


(XV) (6) R 2 NC 6 E s < & x ->CC,H i NIl s l(p) yS^en ^greei™ 
(XV111) (6) R 2 NC 6 H;yC^>>CC$H i NR<, (p) orange deep yellow 

(XIX) {6} IR 3 NG^H s <^GC,E i NJR 3 l (p) none none 

(XXXI) (6) p-IR 8 NC 6 E 4 CE: 

■.NO,H,< S N ->OCANR i I(p) lienee 

It will be recalled that in the triaminotriphenylmethane dyes con¬ 
version of an NMe. 2 to an NB 3 I group tends to eliminate the tinctorial 
effect of this NMe z , with the result that a dye results more nearly 
like the diaminotriphenylmethane derivative. Thus, when one of the 
three NMe z groups of Crystal Violet is changed to an EMe B I, the 
result is a green dye (Iodine Green) comparable with Malachite 
Green. So, in the case of the benzothiazole derivatives described 
above, any tinctorial value of an NR Z group seems to be reduced 
or destroyed by its transition to an NR 3 I. 

In connection with the synthesis of the various benzothiazoles 
and intermediate products, some observations were made which can 
be emphasized here. 

Several new anils, of the type shown by Bogert and Updike 11 ) 
to be intermediate products in the benzothiazole condensations from 
thiosulfuric acids, were isolated and it was discovered that such anils 
could be readily closed up to the thiazoles by heating with aniline 
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It seems likely in these condensations that the aniline first forms 
a salt with the thiosulfuric acid, which salt, at higher temperatures, 
splits out aniline sulfite (or sulfate) with formation of the benzo- 
thiazole. In support of this hypothesis, it may be pointed out that 
when these anils were boiled with aniline a colorless solid, insoluble 
in the hot aniline, always separated and had to be filtered out. 

It was of interest to find that when jj-phenylenediamine thiosulfuric 
acid reacted with p-dimethylamino benzaldehyde, the aldehyde con¬ 
densed only with the amino adjacent to the thiosulfuric acid group 
and without the formation of any thiazole (XXV); but, when p-nitro was 
used in place of the jj-dimethylamino benzaldehyde, condensation 
occurred on both amino groups, followed by cyclization to the 
thiazole (XXVII). From the p-phenylenediamine di-thiosulfuric acid 
(XXI), a derivative was isolated which was both anil and thiazole, 
and which could be further cyclized to a benzobisthiazole: 


RCt 


'S' 


>CJU 


-NH« 


nG <*> C ^<N>C R 


Contrary to the experience of Heller, Quast and Blanc 1 "), 
we have found it possible to prepare benzothiazoles by the action 
of acid chlorides upon o-amino thiosulfuric acids. 

The synthesis of 6-amino-2-phenyl-benzothiazole (XXI11) from y- 
phenylenediamine thiosulfuric acid (XX), was additional proof of the 
correctness of the deduction of Bogert and Abrahamson 13 ) that 
the derivative obtained by direct nitration of 2-phenylbenzothiazole 
was the 6-nitro compound, since its reduction product was identical 
with the above 6-amino derivative. 


Experi mental. 

Zinc o-aminophenyl Mercaptide, (H 2 NC 6 H 4 S-)»Zn, 0 -Amino phenyl 
Disulfide, 2-(p-Nitrophenyl)-benzothiazole (VI) and 

2-(p-Aminophenyl)-benzothiazole (VII), were all prepared as described 
by Bogert and Snell, 14 ) and with similar results. 

Methylation of 2-(p-aminophenyl)-benzothiazole. —- The thiazole 
was heated in a sealed tube for 10 hours at 160°—170° with methyl 
alcohol and concentrated hydrochloric acid, but a pure methylated 
thiazole could not be isolated from the products of the reaction. 

2-(p-Dimethylaminophenyl)-benzothiazole (IX).— When a mixture 
of 5 g of o-aminophenyl disulfide with 3 g of jp-dimethylamino 
benzaldehyde was heated, a vigorous reaction began at about 150°. 
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After an hour’s heating at 160°—170°, the mass was cooled and 
crystallized repeatedly from alcohol. Colorless needles were obtained, 
m. p. 174°—175° (corn); yield, 70%. 

Anal. Calcd. for C U H U N 2 S: C, 70-81; 11, 5‘55; S, 12-61. Found: 
C, 71-13; H, 5-28; 8, 12-70. 

Methylation of 2-(p-dimethylaminophenyl)-benzothj.azole (X). — 
A mixture of 3^- of the thiazole with 5 cc of methyl iodide was 
heated for 12 hours at 100°—110° in a Parr bomb and the excess 
of methyl iodide was then evaporated from the reaction mass. The 
yellow crystalline residue was extracted with hot water and the ex¬ 
tract filtered. As the filtrate cooled, the methiodide crystallized; yield, 
3-4 £-, or 73%. This crude product was purified by repeated crystal¬ 
lization, first from water and then from methyl alcohol. It formed 
lustrous pale yellow platelets, which melted with decomposition at 
about 223°—224° (corr.), when introduced into the bath at 215° (corr.). 

Anal. Calcd. for C^H^N.Sl: CJ, 48-46; II, 4-33. Found: (7,48-64; 
H, 4-29. 

The tinctorial properties of this methiodide have been described 
in the introductory portion of this paper. The dye tests for this 
compound, as well as for all of the other new dyes examined, were 
conducted according to the method followed by Bogert and Allen. 6 ) 
The pure white silk (1 g) was boiled in a 10% neutral soap solution, 
rinsed and entered in a warm dye solution prepared from 20 cc of a 
0'1% solution (0-02 g) of the dye to be tested, 25 cc of water, 10 cc 
of a neutral soap solution and 5 cc of a 2% sa't solution. The dye 
bath was gradually heated to boiling and allowed to simmer for 
30 minutes. Dyeings were also carried out in a faintly acid instead 
of a neutral soap bath. 

p-Iodotrimethylamino-benzaldehyde , HOCC^HfN^CH^L — By heat¬ 
ing p-dimethylamino benzaldehyde (10 g) with methyl iodide (7 cc) 
for 6 hours at 90°—100° in a Parr bomb, an excellent yield of jp-iodo- 
trimethylamino benzaldehyde was secured. After extracting the con¬ 
tents of the bomb with boiling ethyl acetate, to remove initial material, 
there remained 19 g of a colorless crystalline product. Recrystallized 
from alcohol, the purified compound (15 g) melted with decomposition 
at about 151°—152°, as reported by Hodgson and Cooper, 15 ) or 
if introduced into a bath at 150° decomposed sharply at 154°—155° 
(corr.). Hodgson and Cooper carried out the reaction by refluxing 
a mixture of the aldehyde and methyl iodide, but did not report 
their yields. 
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2-(p-lodotrimethylaminophenyl)-benzoth.iazole(Vll\). — To a suspen¬ 
sion of zinc o-aminophenylmercaptide (1 g) in warm alcohol (50 cc), 
hydrochloric acid was added until the salt was just dissolved and it 
was then poured into a warm solution of the jHodotrimethylamino- 
benzaldehyde (2 g) in alcohol (50 cc). After refluxing for 30 minutes, 
the mixture was allowed to cool and the thiazole separated in color¬ 
less micaceous scales; yield, P9 g, or 80%. After repeated crystal¬ 
lization from water, it melted with decomposition at 202°—203° (corr.) 
when placed in a bath at 195°. As noted, it was not a dye. 

• Anal. Calcd. for C tG H 17 N. 2 SI: O, 48-46; H, 4'33. Found: G, 48-69, 
H, 4-10. 

2-Amino-5-dimethylaniline-thiosu.lfu.ric Acid (Dimethyl-p-phenylene- 
diamine-thiosulfuric acid) (XI) was prepared by the method of Wahl, 16 ) 
and the purified product agreed in its properties with his. 

2-Phenyl-6-dimethylamino-benzothiazole (XII) was synthesized from 
the above thiosulfuric acid as described by Bogert and Updike, 11 ) 
except that the condensation with benzaldehyde was carried out in 
dilute methyl alcohol, instead of in glacial acetic acid solution, and 
in this way the yield was increased to 50%. 

The same compound was obtained from 2-phenyl-6-aminobenzo- 
thiazole as described by Bogert and Abrahamson. 13 ) 

The Methylation of 2 - Phenyl - 6 - dimethylamino - benzothiazole 
(XXXV) (3 g) by Mel (5 cc), in a Parr bomb for 6 hours at 100°—110°, 
and purification of the crude product (3‘8^) by frequent crystallization 
from water, gave nearly colorless elongated micaceous scales, melting 
with decomposition at 202°—203° (corr.) if placed in’the bath at 195°. 
Its aqueous solution was without tinctorial power. 

Anal. Cald. for C u H l7 M 2 SI : C, 48‘46; H, 4*33. Found : C, 48-38; 
H, 4-47. 

Previous investigators 18 ) were unsuccessful in their attempts to 
produce this quaternary salt by direct methylation of the corresponding 
6-amino derivative. 

2-(p-Nitrophenyl)-6-dimethylamino-benzothiazole(Xlll). — To a boil¬ 
ing suspension of 2-5 g of the 2-amino-5-dimethylaniline-thiosulfuric 
acid (XI) in 100 cc of glacial acetic acid there was added 2 g of jp-nitro- 
benzoylchloride. After boiling the mixture for an hour, it was filtered 
hot and, as the filtrate cooled, red crystals separated and were removed. 
More of the product was recovered by dilution of the mother-liquor. 
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The product, after re-crystallization, melted at 244°—245° (corr.), as re¬ 
corded by Bogert and Updike, 9 ) who prepared it in a diferent way. 

This synthesis is at variance with the experience of Heller, Quast 
and Blanc, 12 ) who stated that thiazoles could not be produced by 
the action of acid chlorides upon o-am i n o-th iosu If uric acids. 

2-(p-Am.inophenyl)-6-dimethylamino-benzothiazole (XIV) was obtain¬ 
ed by reduction of the immediately preceding nitro derivative, as 
described by Bogert and Updike, 11 ) whose results were corro¬ 
borated. 

Attempts to methylate this by heating it under pressure with methyl 
alcohol and hydrochloric acid proved unsatisfactory, for no pure 
product was isolated. 

2-{j>Dimetliylaminopheiiyl)-6-dimet'hylamino-benzothiazole(XM\\). — 
Bogert and Updike 11 ) have already reported on the preparation 
of this thiazole from the thiosulfuric acid (XI) and p-dimethylamino- 
benzaldehyde. They conducted the reaction in an acetic acid solution 
and obtained a mixture of the intermediate anil (XVI) and the thia¬ 
zole (XVII). The anil was converted into the thiazole by prolonged 
boiling in glacial acetic acid solution. We found that when the ini¬ 
tial condensation was carried out in a dilute (50%) alcoholic solution, 
the anil was precipitated in small lustrous red needles (yield, 78%), 
identical with the product described by Bogert and Updike. No 
thiazole was isolated. 

In place of the method of cyclization employed by Bogert and 
Updike, the following process gave much better yields and requir-* 
ed less time: 

A mixture of 12 g of the anil (XVI) with 20 cc of aniline was 
boiled for an hour and then filtered hot. The white insoluble preci¬ 
pitate thus removed was not identified, but was perhaps an aniline 
salt. The hot aniline filtrate was concentrated until crystals began to 
separate and was then permitted to cool slowly. This crude product 
formed yellow crystals; yield, 7 g, or 81%. After repeated crystalliza¬ 
tion from acetic acid, it melted at 230°—231° (corr.), which is the 
m.p. reported by Bogert and Updike. 

Methylation of 2-(p-Di methylam inophenyI)-6-Dimethyl- 
aminobenzothiazole. 

Monomethiodide (XVIII). — A mixture of 3 g of the thiazole 
(XVII) with 5 g of methyl iodide was heated in a Parr bomb for 
12 hours at 100°—110°, and the reaction product was extracted with 
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hot water. The yellow crystalline solid (2 g) which separated as this 
■extract cooled, after repeated re-crystallization melted at 224°—225° 
(corr.) with decomposition when entered in the bath at 220°. 

Anal, Calcd. for C 1& H 22 N B SI: 0, 49-19; H, 5-05. Found: 0, 49*26; 
H, 4-78. 

The compound was very easily soluble in methyl alcohol and crys¬ 
tallized from such a solution in fine orange-red needles. In water, it 
was only moderately soluble to an orange solution, which dyed silk 
a rich golden yellow. 

Dimethiodide (XIX). — When the mother-liquor from the above 
monomethiodide was evaporated nearly to dryness, 2 g of only slightly 
colored solid was obtained, which was very freely soluble in water 
and only moderately soluble in alcohol. After several crystallizations 
from alcohol, it formed pale yellow crystals, which melted with de¬ 
composition at 203°—204° (corr.) when introduced into the bath at 195 l> . 

Anal. Calcd. for C 1Q H 25 N 3 S1 2 : C, 39*23; H, 4*34. Found: C, 39*43; 
H, 4*56. 

Its aqueous solution was practically colorless, except for a slight 
greenish fluorescence, which is characteristic also of the solutions 
of 2-amino- and of 2-dimethylamino-phenyl benzothiazoles, and was 
without thictorial properties. 

2-(p-Iodotrimethylaminophenyl)-6-dimethylamino - benzothiazole 
(XV). — A solution of 1 g of the thiosulfuric acid (XI) in 100 cc 
-of water was mixed with a solution of 1'2 g of p-iodotrimethylamino- 
benzaldehyde in 50 cc of alcohol and the mixture was refluxed for 
an hour. As the solution cooled, 1*1 g of crude product precipitated. 
This was collected and, .after several re-crystallizations from water, 
melted with decomposition at 210°—211° (corr.). It was moderately 
soluble in methyl alcohol from which it crystallized in pale brown 
curving blades. 

Anal. Calcd. for C ls E 2 ,N a SI: <7,49*19; H, 5*05. Found: C, 49*40; 
H, 5*11. 

Its aqueous solution was a very pale yellow with a greenish 
fluorescence and it dyed a pale yellowish green. 

p-Phenylenediamine Thiosulfuric Acid (XX) was prepared by the 
method of Bernthsen, 17 ) with a few minor modifications, and the 
yield of crude crystals (60°/ 0 ) agreed with his. When carefully puri¬ 
fied by re-crystallizations from water, it was obtained in colorless 
transparent crystals which oxidized in the air to a pale blue. These 
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crystals melted with decomposition at 204°—206° (corr.), and con¬ 
tained one molecule of water of crystallization which was driven off 
by heating for an hour at 110°, none of which facts appear in the 
literature. 

Anal. Calcd. for G 6 H s O s NnS 2 . H 2 0: S, 26‘94; found, 27* 11. 

2-Phenyl-6-amino-henzothiazole (XXiil) has been described by 
Bogert and Abraham son, 18 ) who prepared it by direct nitration 
and reduction from 2-phenyl-benzothiazole. We have repeated and ve¬ 
rified their work, and have prepared the same compound also as 
follows: 

To a solution of 10 g of the thiosulfuric acid (XX) in 50 cc of 
water, there was added 50 cc of alcohol. The solution was heated 
to boiling and a mixture of 50 cc of alcohol and 10 cc of benzal- 
dehyde was added. After boiling the mixture for several hours, it 
was cooled and filtered. The precipitate thus collected was extracted 
with amyl alcohol until there remained only a colorless insoluble 
powder. This powder was dissolved in boiling hydrochloric acid 
and the solution poured into excess of ammonium hydroxyde solu¬ 
tion. The crude amine, recovered from this precipitate by extraction 
with alcohol, amounted to 2 g, or about 22%. By recrystallizations 
from alcohol and finally from ethyl acetate, it melted sharply at 
206°—207° (corr.) and was identical with a sample of 2-phenyl-6-amino- 
benzothiazole prepared by the method of Bogert and Abra¬ 
ham son, 18 ) as proven by a mixed melting point determination. 

By-Product. — That portion of the original reaction product which 
was extracted by the amyl alcohol, was re-crystallized from the same 
solvent and then melted at 166°—167°; yield, 5 g. After several crys¬ 
tallizations from ethyl acetate it appeared in yellow crystals which 
melted sharply at 168°—169° (corr.), and were unaltered by prolonged 
boiling in 40% sulfuric acid. The compound has not been identified. 

It was thought at first that it might be the 6-benzaIamino deri¬ 
vative of the thiazole, but Bogert and Abrahams on 13 ) have 
described that compound as melting at 151° and as being hydrolyzed 
readily by warm even dilute acids. A repetition of their experiments 
confirmed their accuracy. 

Anal. Calcd. for C 20 H U N. 2 S (2-phenyl-6-benzaIamino-benzothiazole): 
C, 76-43; H, 4-46; s/lO‘19. Found: C, 76-04; H, 5-10; S, 10-21. M.W. 
about 310; calculated for C 2a H u N 2 S, 314. 

It was insoluble in 30% sodium hydroxide solution and hence 
could not have contained either a free — S 2 0 3 H or — SH group. 
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When fused with sulfur, it gave a 35°/ 0 yield of 2,2'-diphenyk 
benzobisthiazole (XXII), m. p. 238°—239° (corr.) which m. p. re¬ 
mained unchanged when mixed with an authentic sample. of this 
benzobisthiazole prepared from the di-thiosulfuric acid (XXI) and 
benzaldehyde. 

The Methylation of 2-Phenyl-6-amino-henzothiazole (XXIII) was 
carried out with methyl alcohol and hydrochloric acid, as described 
by Bogert and Abrahamsori, 13 ) and yielded the 6-dimethylamino-2- 
phenyl-benzothiazole, as reported by them, but no quaternary salt. 
The preparation of such a salt (XXXV) has been recorded in the 
earlier part of the present paper. 

2-(p-Nitrophenyl)-6-(p-nitrobenzoylamino)-benzothiazole (XXIX). — 
To a suspension of 5 g of pulverized thiosulfuric acid (XX) in 100 cc 
of acetone, there was added 7-5 g of jp-nitrobenzoyl chloride. The 
mixture was shaken at frequent intervals during 8 hours and was 
then allowed to stand at room temperature for 10 hours more. The 
precipitate had changed then from the pale greenish gray of the 
thiosulfuric acid to a yellow. This yellow powder crystallized from 
nitrobenzene in fine orange needles, and was then re-crystallized 
repeatedly from xylene, in which latter solvent it dissolved but 
sparingly. The purified product was unchanged at 300°; yield, 0 - 5 g. 

Anal. Calcd. for a 2a E n 0- o JS\S: C, 57-12; 77,2-88; S, 7-63. Found: 
C, 57-52; 77, 3-10; S, TOO. 

2-(p-Nitrophenyl)-6-amino-benzothiazole (XXX). — The above j)-nitro- 
benzoyi derivative (XXIX) (2 g) was refluxed with 40% sulfuric acid 
until it dissolved. The solution was diluted, neutralized' with 30% 
sodium hydroxide solution, the resulting precipitate collected, crystal¬ 
lized a number of times from alcohol and finally from ethyl acetate, 
from which latter it separated in beautiful deep red crystals, m. p. 
266 0 —270°; yield of pure product, 07 g. 

Anal. Calcd. for <7 13 77 9 0 2 xY 3 S: <7,57-53; 77,3-35. Found: C, 57-57; 
77, 3-37. 

2-(p-Aminophenyl)-6-amino-benzothiazole (XXVIII). — A mixture 
of 4 g of the crude j?-nitrobenzoyl derivative (XXIX) of the p-nitro- 
phenyl-6-amino compound, 200 cc of water, 20 cc of concentrated 
hydrochloric acid and 10 g of tin, was refluxed until the nitro 
compound was dissolved completely. The solution was filtered into 
an excess of sodium hydroxide solution (30%) and boiled for 30 
minutes. The precipitated free amine was filtered out and crystallized 
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from alcohol; yield, 0 - 6.g, or about 50°/ 0 - After repeated crystalli¬ 
zation, the m. p. was 258°—259° (corr.). 

Anal. Calcd. for G lz H u N s S : C, 64-68; H, 4-59; S, 13'29. Found: 

G, 65'14; H, 4-70; S, 13 25. 

This recalls the formation of 2-(;p-aminophenyl)-5-methylbenzoxazole 
by the reduction of ^-nitrobenzoyl-m-nitro-p-cresol. 18 ) 

The same product was obtained by reduction of 2 -( 2 >-nitropheny!)- 
6-amino-benzothiazoie (XXX), or of 2-(|>-nitrophenyl)-6-(2>nitrobenza!- 
amino)-benzothiazole (XXVII), in a similar manner, as shown by 
mixed melting point determinations. 

4-(p- Dimethylaminobenzalamino) -1 - aminobenzene-3 - thio sulfuric 
Acid (2-p-Dimethylaminobenzalamino) - 5 - amino - benzenethiosulfuric 
Acid (XXV). — This anil was prepared by dissolving 10 g of the 
thiosulfuric acid (XX) in 200 cc of boiling water, adding 50 cc of 
alcohol and then a solution of 7 - 5 g of jp-dimethylamino benzaldehyde 
in 50 cc of alcohol. A red solution resulted, from which a mass of 
fine red crystals soon separated. The mixture was warmed for 30 mi¬ 
nutes, cooled and filtered; yield of crude product, 14^-, or about 90%. 
From alcohol, in which it was but slightly soluble, it crystallized in 
glistening red needles, which softened gradually near 240° and de¬ 
composed rapidly at about 270°. 

Anal. Calcd. for C^H^O^S,: S, 18‘25; found, 18'09. 

2-(p-Dimethylaminophenyl)-6-aminobenzothiazole (XXVI). — The 
above anil (10 g) was boiled for 30 minutes with aniline (20 cc) and 
the solution filtered hot. As the filtrate cooled, the thiazole precipit¬ 
ated, and more was recovered by diluting the mother-liquor with 
50% alcohol; total yield of crude product, 2g. After repeated crystal¬ 
lizations, first from alcohol and then from ethyl acetate, it formed 
nearly colorless needles, m. p. 229°—230° (corr.). 

Anal. Calcd. for G 15 E in N s S : G, 66*86; H, 5*62. Found: G, 66'75; 

H, 5-58. 

2-(p-lodotrimethylaminophenyl) -6-(p-iodotrimethylaminobenzal- 
amino) - benzothiazole (XXXI). — A solution of 1 ^ of the thiosulfuric 
acid (XX) in 50 cc of boiling water was mixed with one of 1-5^- of 
jp-iodotrimethylamino benzaldehyde in 50 cc of boiling alcohol, and 
the mixture was refluxed for an hour. The pale orange-red solution 
changed to yellow and as it cooled about 1 g of product precipitated. 
Another 1 g was recovered by concentrating the filtrate from this 
precipitate. The colorless crude product was washed with alcohol. 
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It was then suspended in 100 cc of boiling alcohol and sufficient hot 
water added just to dissolve it, A pale yellow solution, with a pro¬ 
nounced greenish fluorescence, resulted. As this solution cooled, the 
thiazole crystallized in nearly colorless needles, which melted with 
decomposition at 187°—188° (corr.), when placed in the bath first 
at 180°. 

Anal. Calcd. for C^H^SL: C, 4fr55; 77,4-51. Found: <7, 46-20; 
H, 4-99. 

2-(p-Nitrophenyl)-6-(p-nitrobenzalamino)-benzothiazole (XXVII). — 
A solution of 5 g of the thiosulfuric acid (XX) in 100 cc of boiling 
water was mixed with one of 7-5 g of p-nitrobenzaldehyde in 100 cc 
of boiling alcohol. A red solution resulted, from which red crystals 
soon separated. After heating the mixture for 30 minutes, it was 
cooled and the precipitated thiazole filtered out; yield of crude product, 
5g, or about 60°/ 0 . By repeated crystallization from xylene, fine red 
needles were obtained, m. p. 240°—246° (corr.). It melted to such 
a dark viscous liquid that it was difficult to get a sharp melting point. 

Anal. Calcd. for : C, 5938; H, 299. Found: (7,59-48; 

H, 3-13. 

This compound could not be hydrolyzed .either by concentrated 
hydrochloric acid .or by 40°/ 0 sulfuric acid; but when reduced with 
tin and hydrochloric acid, yielded the 2-(f-aminophenyl)-6-amino- 
benzothiazole (XXVIII), as checked also by mixed meltingpoint tests. 
This behaviour tallies with that of the analogous toluene derivative 
recently described by Bogert and Sevag. 19 ) 

p-Phenylenediamine-3, 6-di (thiosulfuric acid) (XXI), its potassium 
salt, and the 2, 2'-Diphenyl-benzobisthiazole (XXII), were prepared 
essentially as described by Green and Perkin. 20 ) 

Our results agreed with theirs, except that by repeated crystal¬ 
lization of the benzobisthiazole, first from glacial acetic acid and 
then from ethyl acetate, we obtained it in colorless fine needles, 
melting at 237°—238° (corr.), whereas the m. p. recorded by them 
was 233°—235° (corr.). 

Attempts to produce the corresponding 2, 2'-di-(/>nitrophenyl)- 
benzobisthiazole, by the same method, substituting for benzaldehyde 
its p-nitro derivative, proved futile. 

2-(p-Dimethybaminophenyl)-6-(p-dimethylaminobetizalamhio)-henzo- 
thiazole-5-thiosulfuric Acid (XXXII). — A solution of 10 g of the 
potassium salt of the di-thiosulfuric acid (XXI) in 100 cc of boiling 
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water was acidified with 5 cc of concentrated hydrochloric acid and 
a solution of 8 g of j 9 -dimethyiaminobenzaldehyde in 50 cc of boiiing 
alcohol was added. The solution turned red and a fine red precipitate 
soon settled out. The mixture was refluxed for 30 minutes, cooled, 
the precipitated anil removed and crystallized from methyl alcohol, 
in which it was only slightly soluble; yield of crude product, 11 g, 
or about 90%. The purified product gradually turned brown and 
softened above 200°, but did not melt. 

Anal. Calcd. for S, 1877; found, 18‘35. 

As a further analytical check upon the nature of this product, the 
filtrate from the crude anil was boiled with dilute nitric acid and 
barium chloride was added. The weight of barium sulfate obtained 
(5"5 g) was equivalent to about 97% of that calculated on the 
assumption that cyclization had occurred upon one side only of the 
Benzene nucleus, with formation of a mono- and not a bis- thiazole. 

2, 2'-Di(p-dimethylaminophenyl)-benzobisthiazole (XXXIII). Cycliz¬ 
ation of the above anil (XXXII) (10 g) was accomplished, as in the 
other cases reported, by boiling it for an hour with aniline (30 cc.), 
filtering hot and allowing the filtrate to cool. The crude product 
(5 g) was very easily soluble in hot aniline, moderately soluble in 
xylene, and but slightly in amyl alcohol or ethyl acetate. When puri¬ 
fied, it formed yellow crystals which melted at 297° (corr.). 

Anal. Calcd. for 66‘93; if, 5*15. Found: C, 6T0;- 

if, 5-10. 

This same cyclization could not. be effected by boiling the anil 
with either glacial acetic acid or with nitrobenzene. 

Efforts to methylate this bisthiazole with methyl iodide, or to con¬ 
dense the jp-iodotrimethylamino benzaldehyde with the di-thiosulfuric 
acid (XXI), all failed. 

Received July 25th , 1931. The Chemical Laboratories, 

Columbia University, 
New York. 


Summary. 

1. A study has been made of benzothiazole derivatives of Thio- 
flavine type, the results of which support the original assumption of 
Green concerning the constitution of that dye. 
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2. A contribution has been made to our knowledge regarding the 
connection between structure and tinctorial properties in this group 
of dyes. 

3. A considerable number of new compounds have been synthe¬ 
sized and their properties recorded. 

4. Several compounds previously known have been prepared by 
improved or new methods. 

5. Intermediate anils have been isolated in the condensation of 
o-amino phenylmercaptans, or o-amino thiosulfuric acids, with alde¬ 
hydes, and a simple and rapid way of cyclizlng these anils to benzo- 
thiazoles has been discovered. 
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ETUDES DANS LA SERIE DES SUCRES-ALCOOLS *) 

par F. VALENTIN. 


En solution dans la pyridine anhydre, a la temperature ordinaire, 
le triphenylchloromethane reagit avec i’oxhydryle alcoolique suivant 
le schema 

R.OH + Cl. C{C 6 R 5 ) 3 = R. OC{C$H 5 ) 8 + HCl 

en donnant Tether triphSnylmethylique (tritylique) de Talcool corres- 
pondant. 1 ) B. Helferich, P. El. Speidel et W. Toeldte purent 
preparer de cette maniere les ethers trityliques de maints alcools de 
la serie grasse. 2 ) On peut s’attendre a ce que le triphenylchloro¬ 
methane (chlorure de trityle) rende, grace a la reaction ci-dessus, 
d’excellents services dans la serie des sucres, d’autant plus que le 
groupement trityle — C(C S H & ) S , a la difference des groupes methyle 
lies aux oxhydryles alcooliques de la molecule sucree, se laisse de¬ 
tacher avec beaucoup de facilite, ou, au besoin, remplacer en une 
seule operation par le chlore, le brome ou 1’iode. Grace a cela, un 
vaste champ s’ouvre a la synthese de divers polyglucoses. 

L’introduction de la tritylation dans Tetude des glucoses re- 
ducteurs n’a pas tarde a metire en evidence que, malgre la multiplicity 
des oxhydryles etherifiables dans leur molecule, il lie se forme jamais 
que Tether /wu/zo-tritylique du sucre mis en reaction. 

C’est ce qui fit emettre a B. Helferich etj. Becker 3 ) Thypo- 
these qu’en milieu pyridinique le chlorure de trityle n’est capable 
d’etherifier qiUun seal groupe oxhydryle de la chaine hexosique, d savoir 
celui qui se trouve au carbone 6, en d’autres termes, I’oxhydryle de 
la fo net ion alcool primaire. Dans la serie des methylpentoses, ou un 
tel oxhydryle fait defaut, aucune experience n’a ete faite a ce sujef. 

Plus tard, la validife de la dite regie fut corroboree par Helferich 
d’une fa?on indirecte, a savoir par la synthese de certains diglucoses 
[primverose, 4 ) gentiobiose 5 )] ainsi que par plusieurs autres reactions 

*) Memoire presente a la Ceska Akademie ved a umenl (Academie Tcheque 
des Sciences et des Arts) le 16 octobre 1931. 
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dans'lesquelles la liaison ou, eventueliement, une autre transformation, 
s’effectuaient regulierement au carbone 6 de la chatne sucree, ainsi 
qu’on peut le voir par exemple dans l’etude de cet auteur sur les 
glucosenes.®) 

Dans le present travail, j'ai entrepris detab Ur si le chlorure de 
trityle conserve encore sa propriety selective lors de la formation des 
ethers derives des sucres purement alcools. 

Void comment je raisonnai: Si la regie de Helferich presente 
une validite generate, les methylpentites ainsi que leurs homologues 
(obtenus par la synthese cyanhydrique), comme par exemple la rhamno- 
hexite, n’offrant dans leur molecule qu’un seul oxhydryle alcool 
primaire, ne donneront que des ethers mo/zo-trityliques. Par contre, 
le glycol, la glycerine, les erythrites, les pentites, les hexites et les 
heptites rendront possible la formation d’ethers ^/-trityliques, parce 
qu’elles renferment deux fonctions alcool primaire. La pentaerythrite, 
enfin, munie de quatre oxhydryles alcool primaire, doit fournir un 
ether /<#ra-tritylique. 

Pour verifier cette supposition j’ai prepare les ethers trityliques 
des polyalcools suivants: rhamnite, fucife, epirhamnite, rhamnohexite, 
glycol, mesoerythrite, l-arabite, xylite, adonite, mannite, sorbite, 
glucoheptite, pentaerythrite. L’etude de tous ces derives montra que 
la regie de Helferich concernant taction selective da chlorure de 
trityle sur les oxhydryles des sucres reducteurs est egalement valable 
pour la formation des ethers trityliques des sucres purement alcools, 
dest-a-dire non reducteurs. 

En d’autres termes, il entre dans la molecule dun sucre-alcool 
autant de residus trityliques qdil y a de fonctions alcool primaire. 
Les oxhydryles des fonctions alcool secondaire restent done intacts 
dans toutes ces reactions. 

La preparation des ethers trityliques des sucres-alcools est aisee: 
Le sucre est dissous dans le volume juste suffisant de pyridine seche, 
puis additionne de la quantite exactement equivalente de chlorure 
de trityle, et le melange est abandonne, & la temperature ordinaire, 
pendant 1 a 3 jours. La pyridine employee doit etre chimiquement 
pure et absolument seche. On Pelimine du melange reaction nel au 
moyen d’eau. L’introduction des radicaux trityle s’effectue d’autant 
plus surement et quantitativement que le sucre-alcool mis en ceuvre 
est plus facilement soluble dans la pyridine. La dulcite, pratiquement 
insoluble dans ce solvant, ne m’a donne, en effet, aucun derive tri- 
tylique. Le resultat n’efait pas meilleur iorsque j’ai remplace la pyri¬ 
dine par la quinoleine qui pourtant dissout la dulcite plus facilement 
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que ne le fait la pyridine, surtout a temperature elevee. La mannite 
et la sorbite sont assez peu solubles dans la pyridine; conformement 
a ce!a, leurs ethers ditrityliques ne se laissent amener que peniblement 
sous une forme permettant Panalyse. — Dans le melange reactionnel 
on voit souvent apparaitre des aiguilles macrocrisfailines bien deve- 
loppees qui cependant ne constituent point le produit attendu mais 
tout simplement un compose d’addition du tritylcarbinol avec le chlor- 
hydrate de pyridine {C e H 5 ) 3 O{0H). G 5 H 5 N. HGV) 

Les rendements en ethers trityliques purs sont tres satisfaisants, 
dans certains cas ils vont jusqu’a 90%. 

Les ethers mono- et di-trityiiques des sucres-alcools forment le plus 
souvent des corps aisement cristallisables, grace a quoi ils peu vent 
servir a 1’identification de ces sucres, surtout dans les cas oil les 
autres les moyens d’identification classiques, tels que la preparation 
des acetals benzoiques, laissent a desirer par suite des difficultes que 
presente la purification du produit, ce qui est par exemple le cas 
de la xylite. Parmi les ethers trityliques, ce sont notamment ceux 
derives des sucres-alcools optiquement inactifs qui se distinguent par 
une grande facilite de cristallisation. La dulcite fait exception bien 
entendu, puisqu’elle ne donne pas, comme il a ete dit plus haut, 
d’ether tritylique. 

Les ethers monotrityliques sont bien solubles dans les alcools 
methylique et ethylique, surtout a chaud, moins solubles dans les 
autres solvants organiques courants. Par contre, les ethers di-trity- 
Iiques ne se dissolvent que difficilement dans l’alcool, mais, grace 
a leurs deux lourds radicaux aromatiques, ils donnent des solutions 
hautement concentrees avec le benzene, Pac6tone, le chloroforme, 
Pettier, etc. De meme l’acide acetique anhydre dissout facilement 
les ethers trityliques. 

II convient encore de faire remarquer que les ethers mono- et 
di-trityliques sont aisement dissous par l’acide sulfurique concentre, 
sans qu’on puisse observer d’effet thermique particular. Les solutions 
obtenues possedent une couleur jaune intense, et ne subissent pas 
l’humification a laquelle on pourrait s’attendre en raison de leur 
composant sucre. Lorsqu’une telle solution est rapidement additionnee 
d’un grand exces d’eau, elle s’echauffe fortement, perd sa couleur 
jaune, et separe, immediatement et quantitativement, le triphenyl- 
metfiylcarbinol pur pour Panalyse apres lavage prealable. Le trityl¬ 
carbinol ordinaire est un peu jaunatre, tandis que le produit obtenu 
dans cette hydrolyse est tout-a-fait incolore. Cette hydrolyse, je l’ai 
mise a profit pour doser rapidement le groupe trityle de mes produits, 
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et j’ai constate que si I’on opere la dissolution avec le minimum 
d’acide sulfurique concentre, les resultats sont d’une exactitude remar- 
quable. Les changements qu'y subit le composant sucre font l’objet 
d’une etude poursuivie. J’ajoute que l’halochromie jaune du radical 
triphenylmethylique apparait egalement lors de la dissolution de mes 
ethers dans d’autres acides mineraux. 

En general, vis-a-vis des bases fortes, et surtout des acides mine¬ 
raux, le radical trityle montre une sensibilite tres prononcee: il se 
detache en effet hydrolytiquement avec beaucoup de facilite. 

Etant donne que les ethers trityliques des sucres-alcools sont, 
meme a froid, aisement solubles dans l’aldehyde benzoTque, j’ai essaye 
d’en preparer des derives benzaliques. Les methodes courantes de 
benzalisation, dans lesquelles l’agent de condensation est forme par 
les acides chlorhydrique ou sulfurique, ne pouvaient evidemment pas 
(litre utilisees. 

C’est ce qui m’a amene a essayer certains procedes recemment 
signales dans la literature. Toutefois, ni la condensation au moyen 
de P 2 0 5 , ni avec ZnCl 2 ou jVa 3 S'0 4 anhydre (celui-ci meme a tem¬ 
perature elevee et dans un courant d’hydrogene) n’ont abouti a une 
reaction de la benzaidehyde avec les ethers trityliques mis en oeuvre. 
II en ressort que pour qu’un sucre-alcool puisse fournir un acetal 
benzoTque, ses fonctions alcool primaire ne doivent pas etre bloquees, 
en d’autres termes la formation de ces acetals a partir des sucres- 
alcools, ria lieu qu'd la condition que Voxhydryle de la fonction alcool 
primaire soil libre. La meme remarque s’applique aux derives aceto- 
niques des dits sucres-alcools. 

Je fais remarquer ici que j’ai, en outre, tente de preparer les acetals 
benzoiques de la fucite et de la rhodeite libres. E. Votocek 
et J. Bullr, 8 ) plus tard E. Votocek et J. Cerveny, 9 ) qui avaient 
obtenu ces sucres-alcools par reduction des methyloses correspon- 
dants, ont egalement essaye de condenser ces methylpentites avec 
l’aldehyde benzoTque au moyen d’acide sulfurique a 50°/ 0 , toutefois 
sans succes. J’ai renouvele 1’experience en me servant de 1’agent de 
condensation reconnu comme le plus efficace dans le cas des benzali- 
sations, a savoir de l’anhydride phosphorique, mais pas meme ici 
je n’ai pu obtenir de resultat positif. Ce fait, joint aux observations 
signalees dans la literature par d’autres auteurs, me fait penser que 
les sucres-alcools ne renfermant qu’une seule fonction alcool primaire 
et presentant aux trois carbones asymetriques voisins de cette fonction 
la configuration 
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ne sont pas capables de reagir avec la benzaldehyde: leur constitution 
stereochimique n’est pas favorable a la benzalisation. A ce groupe 
appartiendraient la rhodeite, la fucite, I’a-rhamnohexite l, [l’a-rhamno- 
hexite d] deux alfromethylites el d’auires homologues resultant de la 
synthese cyanhydrique. 

Les ethers trityliques obtenus a partir des sucres-alcools optiquement 
actifs sont actifs eux-aussi; leur pouvoir rotatoire est regulierement 
plus eleve que celui du sucre libre, et presente le meme signe de 
rotation que ce dernier. Toutefois, les ethers trityliques de la fucite 
et de la rhamnohexite font exception a la regie, ils tournent en effet 
a gauche, tandis que les ites libres sont dextrogyres. Ce sont preci- 
sement les sucres-alcools qui resistent a la benzalisation. 

Le pouvoir rotatoire de mes ethers trityliques a ete determine en 
solution benzenique dans tous les cas oil c’etait possible, dans 
d’autres, dans l’alcool methylique, dans quelques cas meme dans un 
melange de ces deux solvants. 

Comme caractere general de mes ethers trityliques on peut signaler 
que leurs points de fusion — sans exclusion • des produits absolu- 
ment purs — ne sont pas nets, fait qui a egalement ete observe chez 
beaucoup parmi les derives trityliques des sucres reducteurs. 

Etant donne que mes ethers trityliques sont assez bien solubles 
dans les solvants organiques usuels, leurs substances meres, les 
sucres-alcools, deviennent accessibles a beaucoup de reactions (telles 
que la m^thylation par exemple) ne s’accomplissant que difficilement 
avec les sucres libres. En outre, il sera possible de les transformer 
en monohalogenehydrines et dihalogenehydrines' definies, alors que 
jusqu’a present la determination de Pendroii occupe par 1’halogene 
offrait des difficultes insurmontables. 

La preparation d’ethers alcoyles mono et di exactement ddfinis 
sera dgalement facilitee. On prevoit aussi des voies accessibles pour 
la realisation de diverses syntheses en faisant reagir ces halogene- 
hydrines sur les derives metalliques d’autres composants organiques, 
meme non sucres. Dans beaucoup de ces reactions on pourra mettre 
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a profit les corps acetyles ou benzoyls obtenus apres elimination 
du reste trityle. Des essais dans cette direction sont en cours a notre 
laboratoire. 

Le mecanisme reactionnel de la formation de mes ethers trityliques 
mono et di se laisse rendre par les simples schemas que voici: 


OUo—Oil Gl±C{0 & H t ) a 

{CH0H) n -f 


{caou) n + hci 


CH S 

sucre-alcool ne renfermant qu’une 
seule fonction alcool primaire 


oh 8 

ether mono-tritylique 


CHs-Om CI±C{G & H 5 ) 3 
(CHOH)m + 


CH» — 0 — G{G 6 ff 5 ) 3 
(I CH0H) n 4- 2 HOI 


CUr-0 H . Cl±C(C,H B ) s 

sucre-alcool renfermant 
deux fonctions alcool primaire 


CH 2 -0-C(G,II 5 ) 3 

ether di-tritylique 


yCHJJU Cli-C(C e Hz) 8 
P^CHzW , Ol4-C{C e H 5 ) s 
C ^GH z 0\H t C14-C(C 6 IJJ s 
''■CH» 0\H Cl±C(C e H 5 ) 3 
pentaerythrite 

(4 fonctions alcool primaire) 


/ 


CIG—O—CiCJL), 
CIJ 2 —0— C(CqH & ) s 
l ^CH 2 -0-C(C 6 H 6 ) s ' 
x CH 2 —0—C(C 6 H 5 ) 3 

ether tetra-tritylique 


4 HCI 


Partie exp6rimentale. 

Ethers monotrityliques des sucres-alcools. 

T,rityl-l-rhamnite CH Z . {CHOH^ .GH 2 .0. C(C e H h )». 

Preparation: 3 gr de rhamnlte l, dissous dans 30 cc. de pyridine 
seche, sont additionnes, a la temperature ordinaire, de 54 gr (1 mol.) 
de chlorure de trityle. Le melange est abandonne, en vase clos (pour 
empecher I’acces de I’humidite atmospherique) pendant 36 heures, 
puis verse dans 500 cc. d’eau froide. Le sirop separe, legerement 
jaunatre, de consistance visqueuse, est broye avec de l’eau, que Ton 
renouvelle souvent, jusqu’a ce qu’il se solidifie. 

Le produit obtenu (6 gr) est cristallise dans Palcool methylique 
d’ob il se separe en belles petites aiguilles groupees en agglomerations 
a bout dentele. Le corps est bien soluble dans le benzene a chaud, 
il cristallise dans sa solution benzenique facilement et a l’etat tres 
pur. Ainsi purifi6, il fond entre 132 et 135°. Pouvoir rotatoire: Une 
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solution benzdnique renfermant 0'5 gr de substance dans 100 cc. 
montrait, en employant le saccharimetre Fric et un tube de 400 mm, 
une deviation + 0‘23° (moyenne d’un grand nombre de lectures 
oscillant entre -f- 0 - 20 et 0-30°). D’oii [% — + 3-95 11 . 

Analyse elementaire: 

Substance: 0-2684 gr, C0. 2 07224 gr, H. 2 0 0-1674 gr. 

C 25 H 28 0 5 : Trouve G 73-40%, H 6-99%. 

Calcule G 73-49%, H 6-91%. 

Tritylfucite CH a . (CH. OH )*. GH 2 . 0 . C(C 6 tf 5 ) 8 . 

Preparation: A 2 gr de fucite, dissous dans 25 cc. de pyridine seche, 
on ajoute, & la temperature ordinaire, 3'5 gr (1 mol.) de chlorure de 
trityle, et 1’on chauffe doucement jusqu’a complete dissolution. Apres 
30 heures de repos en vase bouche, le liquide reactionnel est verse 
dans de l’eau, et le produit obtenu est cristallis6 dans un melange 
d’alcool methylique et de benzene. On obtient 2 gr environ de pro¬ 
duit pur. 

Le corps est quelquefois en grandes, brillantes aiguilles pointues, 
quelquefois en cristaux lamellaires. Dans le benzene, il subit volon- 
tiers une solvatation: au premier instant, en effet, il se dissout en 
grande quantity pour se prendre aussitdt et entierement en une masse 
gelatineuse. Pour eviter cette solvatation, on n’a qu’a ajouter au ben¬ 
zene quelques gouttes d’alcool methylique. 

Le point de fusion de la tritylfucite est entre 138° (suintement) 
et 142° (fusion complete). 

Pouvoir rotatoire: Solution dans CH B 0H, renfermant dans 50 cc. 
2 gr de substance. Polarimetre (saccharimetre) Fric, tube de 400 mm. 
Deviation trouvee a — — 2-35°, d’ou [a] D = — 5*0°. 

Analyse elementaire: 

Substance: 0-3645 gr, GO. 0-9815 gr, H 2 0 0-2172 gr. 
CnH u O t : Trouve C 73-41%, H 6-67%. 

Calcule G 73-49%, H 6-91%. 

Trityl-epirhamnite l CH 3 . (CH. OH )* .GH 2 .0. C(C 6 H 5 ) S . 

Preparation: 5 gr d’epirhamnite (vitreuse, obtenue par dessiccation 
dans le vide a 100°), dissous dans le minimum de pyridine seche, 
sont mis en reaction avec 8 - 38 gr (1 mol.) de chlorure de triphenyl- 
methyle. Le melange est abandonne, en vase bouche, pendant 3 jours. 

On verse ensuite dans de l’eau glacee, et le sirop separd est broyd 
avec des doses renouveldes d’eau, sans toutefois obtenir ni cristalli 
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sation ni meme solidification, [.’evaporation lente d’une solution dans 
Falcool methylique n’a pas eu plus de succes. Les essais de cristalli- 
sation faits avec le benzene, Pacetone, l’ether, le phenetol, ont egale- 
ment ete infructueux. Voici, enfin, le procede qui donne des resultats 
plus satisfaisants: Le produit brut est dissous dans le minimum de 
benzene a chaud, puis additionne de ligro'ine chaude jusqu’a appa¬ 
rition d’un trouble. Le refroidissement le separe a l’etat gelatineux 
encore, il est vrai, mais presentant sous le microscope deja une structure 
filamenfeuse, ce qui montre que les cristaux de trityl-epirhamnite ont 
un habitus capiilaire ressemblant a celui de la dibenzalxylite solvatee 
par Palcool ethylique. 

Le »gel« a ete soumis ensuite, sur un filtre sec, a un essorage 
energique, lors duquel la presque totalite du benzene de solvatation 
s’est volatilisee. Sur le filtre restait une poudre blanche comme la neige, 
abandonnant les restes du solvant par un sdjour, a temperature moderee, 
dans le vide. 

Le produit microcristallin ainsi prepare presente la composition 
attendue d’une methylpentite tritylee. 11 fond entre 68 et 72°. 

Pouvoir rotatoire: 50 cc. de solution benzenique renfermaient 
6 95 gr de substance. Tube 400 mm, saccharimetre Fric, deviation 
trouvee a = — 6-85°, d’ou [a]j> =— 4'2°. 

Analyse elemental're: 

Substance: 0-2274 gr, C0 2 Q'6120 gr, HJJ 0-1410 gr. 

G,-MbO,: Trouve C 73-39%, II 6’93%. 

Calcule C 73-49%, 7/6-91%. 

T,rityl-a-rhamnohexite l CH S . ( CH . OH ) 6 . CH 2 .0 . C(G 6 lL) n . 

Preparation: Le sucre-alcool en question ne se dissout que peu 
dans la pyridine, et ii a fallu 25 cc. de ce solvant pour mettre en 
solution 1-65 gr de rhamnohexite. A la solution chaude on a ajoute 
2-3 gr de chlorure de trityle. Apres 2 jours de repos a la temperature 
du laboratoire, le melange a ete verse dans 1 litre et demi d’eau 
glacde. En y broyant le sirop separe on fin it par lui faire prendre 
une forme filtrable. Le produit etant assez soluble dans l’eau pyridinde, 
un exces considerable d’eau est necessaire pour obtenir une precipi¬ 
tation complete. Le rendement est plus faible que pour les ethers 
irityliques des autres sucres-alcools: je n’ai obtenu qu’un gramme 
de corps pur. Pour y arriver, j’ai recristallise le produit brut dans un 
melange d’alcool methylique et de benzene. 

La trityl-a-rhamnohexite l est relativement peu soluble dans les 
alcools methylique et ethylique a froid, un peu plus a chaud. Dans 
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le benzene a froid il entre aisement en solution opalisante, colloidale, 
qui se prend integralement en une gelee volumineuse lorsqu’on la 
chauffe. Cette solvatation se laisse empecher ou meme detruire par 
addition d’un peu d’alcool methylique. 

Les cristaux du corps pur, obtenus par cristaliisation dans le 
benzene-alcool, sont d’habitus prismatique, ils fondent entre 122 et 
125°. Lorsque le corps est cristallise dans l’alcool methylique, il se 
separe en tablettes renfermant 1 mol. de CH a 0H et fondant entre 
103—104°. 

Pouvoir rotatoire: 50 cc. renfermant en solution dans un melange 
d’alcool methylique et de benzene (3 volumes du premier pour 1 du 
second) 1"06 gr de substance, ont ete examines, dans un tube de 400 
mm a l’aide du saccharimetre Fric. Deviation a — — 0'5°, d’ou 1’on 
calcule [a] D -- — 2 - 0°. 

Analyse elementaire: 

Substance: 0-2104 gr, C0. 2 0-5496 gr, i/ 2 0 0i324 gr. 

C 2G 7/ 30 O 6 : Trouve C 71-24%, 11 7-04%. 

Calcule C 71-20%, 11 6*90%. 

je fais remarquer id que l’a-rhamnohexite fond entre 180 et 183° 
(non corr.), non pas, com me Pindiquerent E. Fischer et Piloty 
(Ber. 23, 3106), entre 170 et 173°. Une faute d’impression parait etre 
exclue vu que ces auteurs corrigerent plus tard (Ber. 23, 3827) la 
valeur du pouvoir rotatoire du sucre qu’ils avaient trouvee trop 
faible, mais ne firent aucune mention du point de fusion. 

Ethers di-trityliques des sucres-alcools. 

Ditrityl-mesoerythrite (G 6 H^) S G.0. CE,.{CH. OH), .GIL . O.C{C 6 H 5 ) 8 . 

Preparation: 9 gr de chlorure de trityle ont 6te introduits, a la 
temperature du laboratoire, dans une solution pyridinique seche de 
2 gr de mesoerythrite, le melange a ete abandonne pendant la nuit 
Le lendemain, tout etait pris en une masse cristalline, tellement 
epaisse qu’il n’a pas ete possible d’ecarter les eaux meres pyridiniques 
par essorage. Pour y arriver, la masse a ete broyee sur une assiette 
poreuse. Le produit brut ainsi obtenu a ete purifie par des cristallisations 
reiterees dans un melange de 3 volumes d’alcool ethylique et 1 vol. 
de benzene. Le rendement est presque quantitatif. 

L’ether ditritylique de la mesoerythrite est un beau corps cristallise 
en aiguilles; il fond entre 182—184°. 



508 


Dosage des groupes trityle: 0-3050 gr de produit pur ont ete 
dissous dans 3 cc. d’acide sulfurique concentre. La solution obtenue, 
limpide, de couleur jaune, a ete additionnee rapidement de 50 cc. en¬ 
viron d’eau. Au bout d’une demi-heure, le triphenylmethylcarbinol 
separe a ete recueilli, sur papier, dans un creuset, lave a l’eau, et 
desseche k 110° jusqu’a poids constant. Trouve: 258 mgr de carbinol, 
rendement calcule pour un ether ditritylique: 261 '7 mgr. L’accord est 
done excellent.' 

Analyse el£mentaire: 

Substance: 0'2966 gr, C0 2 0-9032 gr, H 2 0 0*1687 £r. 

CaHnOg. Trouve C 83-05%, H 6’36%. 

Calculi G 83-13%, H 6'31%. 

Ditrityl-adonite {G 2 H 5 ) 3 C.0.CH 2 (GU.OH) 3 .CH 2 .0. 

Preparation : A une solution de 1 gr d’adonite dans 20 cc. de pyri¬ 
dine seche on a ajoute, a la temperature ordinaire, 2 mol. de tri- 
phdnylchloromethane. Apres 2 jours de repos, le liquide reactionnel 
a ete verse, en mince filet et avec agitation, dans de 1’eau glac£e. Le 
sirop separe a et6 broye, sous de l’eau souvent renouvelee, jusqu’a. 
obtention d’un produit solide, pulverulent. Ce produit brut a etd 
purifid par deux cristallisations dans un melange d’alcool et de ben¬ 
zene. Le rendement etait tres bon. 

L’ether pur est un beau corps cristallise fondant de 141 a 145°. 

Analyse eI6mentaire: 

Substance: 0‘2256 gr, C0 2 0-6710 gr, H 2 0 0T296 gr. 

C is H i0 O 5 -. Trouve C 81-16%, H 6'42%. 

Calcule C 81‘09%, H 6‘33%. 

Ditritylxylite (C 3 H 5 ) S C. 0. CH 2 {CH. OE\. CH a . 0. <7(%/f 5 )s • 

Preparation: La xylite employee avait ete purifiee par la voie de 
• son acetal benzoTque, puis, vu qu’elle n’est pas cristailisable, sechee 
dans le vide, ce qui 1’a fourni a l’etat d’une masse solide, d’aspect 
vitreux. 6 gr de ce produit ont ete mis en reaction, en solution pyri- 
dinique, avec 22 gr de chlorure de trityle. Apres 3 jours de repos 
a la temperature du laboratoire, le melange reactionnel a ete soumis 
au iraitement habituel et le produit brut a ete purifie par des cristal¬ 
lisations dans un melange de benzene-pyridine. Le rendement n’etait 
que 50% environ. 

L’ether pur est un corps microcristallin, incolore, fondant entre 
152 et 156°. 
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Dosage des groupes trityle: II a ete effectue, avec 0"5425 gr d’ether 
tritylique et 3 cc. d’acide sulfurique concentre, de la maniere decrite 
plus haul a propos du derive d’adonite. 

Rendement en carbinol: 439 mgr, rendement theorique pour un 
ether ditritylique de pentite: 443 mgr, ce qui concorde bien. 

Analyse elementaire: 

Substance: 02320£7, C0 2 0‘6903 gr, H. 2 0 0T326 gr. 

C iS H i0 O 5 : Trouve C 81i5°; 0 , II 6-39%. 

Calcule C 81-09%, H 6’33%. 

Ditrityl-l-arabite (%%)%. 0. CH 2 (CH. OH ),. CH,. 0. C(C 6 H 6 \. 

Preparation: 3 gr d’arabite, 11 gr de chlorure de trityle (2 mol.), 
30 cc. de pyridine. Apres un repos de 2 jours a la temperature ordi¬ 
naire, le liquide reacts on nel a ete verse dans un exces d'eau froide 
(Va de litre). Le sirop separe, broye avec de l’eau, resistait obstine- 
ment a la solidification. Pour litre purifie, il a ete precipite, a plu- 
sieurs reprises, par de I’eau, de sa solution alcoolique, jusqu’a dispa- 
rition de 1’odeur de pyridine. II a ensuite ete abandonne, en solution 
dans I’alcool absolu, a la cristallisation lente. Au bout de 8 jours, le 
sirop s’est pris integralement en une masse cristalline. La recristal- 
lisation ult£rieure du produit brut a ete operee dans l’alcool-benzene. 
Rendement 65% environ du rendement theorique. 

Le corps pur cristallise ordinairement en baguettes microscopi- 
ques; lorsqu’on le fait cristalliser par Evaporation lente de ses solu¬ 
tions diluees, on 1’obtient en tablettes allongees. 

Point de fusion: 111—113°. 

Pouvoir rotatoire: Solution benzenique renfermant dans 50 cc. 
2 53 gr de substance. Tube de 400 mm, saccharimetre Fric. Devia¬ 
tion trouvee: a — —1'8°, d’ou [u]d == — 3’5°. 

Analyse elementaire: 

Substance: 0'2462 gr, CO, 0'7314 gr, H 2 0 0T456 gr. 

C is lI i0 0~ o : Trouve C 80-97%, H 6'62%. 

Calcule C 81-09%, 77 6-34%. 

Ditritylmannite (%%)/J. O.CH 2 .(CH.OH\.CH,.0. C(C 6 H 5 ) S . 

Preparation: 4 gr de mannite dissous dans 60 cc. de pyridine 
chaude, 12-2 gr de chlorure de trityle, repos de 3 jours a la tempe¬ 
rature du laboratoire. Le sirop obtenu par introduction dans de l’eau 
glacee se refusait a la solidification lors du broyage sous l’eau froide. 
De mSme les essais tentes pour le faire cristalliser dans l’alcool 
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methylique, l’alcool ethylique, l’ether, le benzene, ont tous ete sans 
succes. Enfin, j’ai repris le produit dans la ligro'ine bouillante, et je 
faisais evaporer le solvant dans des capsules de cristallisation plates. 
11 restait un produit blanc, pulverulent, chez lequel meme l’examen 
au microscope ne permettait de decider s’il est microcristallin ou non. 

Le point de fusion du produit purifie etait entre 98 et 103°. 

Pouvoir rotatoire: 50 cc. d’une solution benzenique renfermaient 
5*6252 gr de substance. Tube de 400 mm, saccharimetre Fric, a trouve: 
— 4*5°. On en calcule [a]# = — 3*5°. 

Analyse elementaire: 

Substance: 0" 1583 gr, C0 2 0'4596 gr, H%0 0*0936 gr. 

CuH i2 0 6 : Trouve O 79*18%, H 6*61%. * 

Calcule C 79*24%, H 6*35%. 

Ditritylsorbite {C\H 5 ) S C.O.GH^.{CH.Oll\.CH^.O. C{ C 6 ff 5 ) 3 . 

Preparation: 4 gr de sorbite, dissous a chaud dans 65 cc. de pyri¬ 
dine, ont ete mis en reaction avec 12*2 gr (2 mol.) de chlorure de 
triphenylmethyle. Apres 3 jours, le liquide reactionnel a ete traite de 
la maniere habituelle decrite plus haut. Le produit sirupeux ne mon¬ 
trait toutefois aucune tendence a cristailiser. Le seul procede per- 
mettant de le transformer en un produit solide sin on cristallise, etait 
celui signale ci-dessus a propos du derive de la mannite: Le sirop a ete 
traite, a maintes reprises, par de la ligro'ine bouillante (a laquelie il cedait 
peu de matiere soluble), et les solutions etendues obtenues ont ete 
abandonnees a 1’evaporation sur des verres de montre spacieux. Sur 
les bords il se separait un produit souille, tandis qu’au centre du verre 
restait le produit plus pur. Ce procede de purification a ete repete, 
avec les portions du centre, jusqaa ce que l’analyse elementaire 
fournit des ch iff res concordant avec la composition prevue d’une ditrityl- 
hexite. L’obtention du produit pur est done une operation assez penible. 

Le corps pur forme une poudre blanche qui, sous le microscope, 
ne laisse pas de trahir une structure filamenteuse. Chauffe en tube 
capillaire il se ramollit a 72°, la fusion complete a lieu a 83°. 

Pouvoir rotatoire: Solution benzenique renfermant dans 50 cc. 
3*31 gr de substance. Saccharimetre Fric, tube de 400 mm, deviation 
a — — 6*0°, d’oii il vient pour la rotation specifique [a]r = — 7*8 U . 

Analyse elementaire: 

Substance: 0*2064 gr, 00 2 0*5990 gr, H^O 0*1214 gr. 

^ 4 ^ 42 %: Trouve C 79*15%, H 6*58%. 

Calcule G 79*24%, 77 6*35%. 
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Ditrityl-a-glucoheptite{C\H b ) s C.0. OIL,{GHOH) : ,Cll 2 .0.0 (%7/ 5 ) 3 . 

Preparation: 2 gr de sucre, 5'2 gr de chlorure de triphenylcarbinol, 
volume minimum de pyridine seche, temperature ordinaire. Lorsque, 
au bout de 2 jours, le liquide reach on nel a ete verse dans de l’eau 
glacee, il separa un sirop qui se prenait rapidement en une masse 
cristalline. Le produit brut a ete purifie par des cristallisations dans 
1’alcool additionne de % de volume de benzene. 

L’ether ditrityiique pur forme des croutes cristailines composees 
(sous le microscope) de baguettes groupees concentriquement. II fond 
entre 117 et 123°. 

Analyse elementaire: 

Substance: 0-2314 gr, C0 2 0-6565 gr, H 2 0 0-1349 gr. 

C u H u 0i : Trouve C 77-38%, H 6-52%. 

Calcule C 77-54%, II 637%. 

Ditritylglycol (%ff 6 ) 8 0.0.0H 2 .CH 2 .0 .C {C 6 H 5 ). A . 

Cet ether tritylique avait ete prepare dans le temps par B. Helferich, 
P. E. Speidel et W. Toeldte. 9 ) Ces auteurs signalent qu’il cristallise 
prismatiquement ou en tablettes. Si j’ai prepare de nouveau ce derive, 
c’est pour voir comment il se comporte dans l’acide sulfurique con¬ 
centre, et pour etudier la conductivity electrique de cette solution 
sulfurique. 

Mon produit, purifie par cristallisation dans un melange alcool- 
benzene, fondait a 190° (non corr.), et cristailisait en rhomboedres 
atteignant jusqu’a un demi-centimetre de longueur. Pour ecarter le 
soupQon qu’il pourrait s’agir la de quelque forme nouveile de triphenyl- 
methylcarbinol, je me suis adresse a M. R. Novacek, assistant de 
l’lnstitut de mineralogie de l’Universite Charles de Prague, avec la 
priere de soumettre mes cristaux a une etude cristallographique. 
D’apres son examen, le corps appartient au systeme trigonal. Toutefois, 
les cristaux sont bien imparfaits, de sorte que les mesures different 
entre elles de plus de 2°. La valeur de 77° pour 1’arete polaire du 
rhomboedre demontre leur difference d’avec les cristaux de triphenyl- 
methylcarbinol etudies par Henriques et Jerusalem (dont les 
mesures figurent dans la monographie de P. Groth »Chemische 
Kristallographie* tome V, page 293) et pour lesquels cette arete esi 
de 65° 93' a 65° 47'. Quant a 1’analyse elementaire de mon produit, j’ai 
rehonce a la faire, parce qu’elie ne saurait decider s’il s’agit d’un derive 
tritylique du glycol ou tout simplement du triphenylmethylcarbinol 
forme dans la reaction. 
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Helferich et ses coliaborateurs donnent pour Tether tritylique 
du glycol les chiffres suivants: 

calcule C 87'87°/ 0 > H 6-27°/ 0 , 
trouve C 87'36°/ 0 , H 6-52%, 

alors que Ie chiffre theorique pour le triphenylmethylcarbinol libre est 
C 87'65°/ 0 , 'll 6-20%. 

Afin de corroborer par voie chimique les conclusions tirees plus 
haul de 1’examen cristallographique, j’ai hydrolyse mon produit rhom- 
boedrique en milieu faiblement acide (pour eviter une alteration du 
glycol mis en liberte). De la couche aqueuse j’ai pu retirer le glycol, 
par action de chlorure de benzoyle, a Tetat d’ether dibenzoique fondant 
a 71°. J’en conclus que le corps cristallisant en rhomboedres peu 
differents de ceux du triphenylcarbinol est bien constitue par Tether 
ditritylique du glycol. 

Le fait qu’un derive orgasjique du triphenylmethylcarbinol cristallise 
dans le systeme trigonal est assez rare. 

Quant aux points de fusion des deux produits compares, ils 
presentent un ecart considerable, celui du tritylglycol est a 190°, 
tandis que le triphenylmethylcarbinol fond deja entre 160 et 161°. 


/ 


Tetratrityl-pentaerythrite <7<C 

\ 


CH 2 .0.C{C 6 H,) s 
CH 2 .0.C{C 6 H & ) s 
CH. 2 .0.C{CzH^ 
GH 2 .0. G {C 6 Hc,) s 


Preparation: 5 gr de pentaerythrite, dissous dans 60 cc. de pyridine 
seche, sont additionnes a la temperature ordinaire, de 41 gr (4 mol.) 
de chlorure de triphenylmethyle. Apres un repos de 3 jours en vase 
bouche, le melange est precipite par 750 cc. d’eau glacee. Le sirop 
separe ne tarde pas a se prendre en cristaux. Ce produit a ete soumis 
a une cristallisation fractionnee, j’ai pu en effet constater qu’a c6te 
de Tether maximum, dffficilement soluble dans 1’alcool, il se forme 
des ethers trityliques inferieurs sensiblement plus solubles dans ce 
solvant. Les fractions le moins solubles ont ete recristallisees dans 
un melange d’alcooi. et de benzene. 

L’erythrite tetratritylee cristallise aisement en menus prismes lui- 
sants; elle est caracterisee par son point de fusion, situe ires haut. 
En effet, m£me a 350° le corps restait encore solide. 

Dosage des groupes trityle: 0‘4307 gr de substance et 3 cc. d’acide 
sulfurique concentre ont donne, par le procede signale plus haut, 
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0’3679 gr de earbinol, alors que la theorie pour Pettier tetratritylique 
de la pentaerythrite exige 0*3695 gr. L’accord. esf done suffisant. 
Analyse elementaire: 

Substance: 0*2167 gr, CO, 0*6984 gr, IL/J 0*1222 gr. 

( f si/40 4 : Trouve C 87*90%, II 6*31%. 

Calcule C 88*00%, II 6*20%. 

Inst it at de Chimie organiqae 
de VEcole Polytechnique icheque de Prague 
(Tchecoslovaquk). 
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NEW BOOKS, 


Wojciech Swi^tostawski: Elektrochemja, Chemja flzyczna, tom IV. 
(Electrochemistry, 4th volume of Physical Chemistry.) Pp. 285, Tfzaska, Evert 
i MichalskiWarszawa — 1931. 

This volume is a recent continuation of Professor Swi^toslawski’s large 
enterprise, viz. his great original Physical Chemistry, the preceding volume of which 
has already been translated into German and appeared as “Thermochemie” in 
Walden-Dmcker’s classical text-bcoks. In its preface the author points to the 
difficulties which the unsettled present state of the electrochemical theory is liable 
to impose both on the teacher as well as on the student The author means the 
crisis which the theory of ions is undergoing, being rebuilt from the Arrhenius 
theory of ionic dissociation to that of ionic association, mainly due to Debye and 
Huckel. Proper obviation of these difficulties finds the author in guarding 
historical steps and defining in chap. Ill, shortly after the introduction, Arrhenius’ 
fundamental theory followed by its manifold applications in chapters IV to VL 
Up to here, the text-book naturally coincides with the well-proved scope of other 
“electrochemistries”; yet already in chap. VII an original advance is made by 
thorough discussion of the modern theory of structure of electrolytes and non- 
electrolyte molecules, in which the Lewis-Langmuir models are fittingly comple¬ 
mented by Werner’s achievements. 

Chapter VII! forms a suitable link between the Arrhenius foundations and 
the modern “electrostatic” theory of ionic associations, as it deals with the influ¬ 
ence of dielectrics on ionization. Then the Debye-Hack el formulae are derived 
and their significance discussed (chap. IX). 

The second part of the book deals with electromotive forces and phenomena of 
electrolysis, again in the strictly scientific and theoretical manner, without going into 
technical applications. Here the unsettled state of ionic theory is but little felt, as 
thermodynamic and phenomenalistic interpretations preponderate. Chapters X to 
XVIII present a clear fundamental treatise on E. M. F,s, whereas chapters XIX to 
XXI describe electrolysis. In the latter portion chap. XX concerns polarographic 
investigations of electrolysis with the dropping mercury kathode. 

The last, two chapters deal with passivity (XXII) and conductance of molten 
and solid electrolytes (XXIII). In conclusion the author expresses hopes that the 
new electrostatic theory, being the most important link between physics and 
chemistry, will not only soon be able to explain as much as the older modifi¬ 
cation of the ionic theory could, but also to correlate other manifold electrochemical 
phenomena and lead to new experimental discoveries in the vast fields of applied 
sciences. 

Respecting the high quality of the book the reviewer would point out some 
uncertainty which arises from the undefined sign of potentials of e. g. hydrogen 
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electrodes on one hand and those of oxygen on the other (formulae (6) p. 172, 
(1) p. 197, ( 5 ), (7), (8) p. 200) which would not allow a direct substitution into 
formula (1) p. 166 for the E. M. F. as representing differences of potentials; factor 4 
in formula (7) should be — 1 and exponents l / 2 over 'Pn., and 4 over Po/i', are missing 
in the above formulae. The figure T4 volt for a hydrogen-oxygen cell seems a misprint. 
The statement (on p. 246), that Kiicera measured currents of the dropping mer¬ 
cury kathode has to be corrected, as he never applied a galvanometer merely 
investigating interfacial tension of mercury by drop-weight. 

Notwithstanding the trifling slips, this short description will perhaps suffice to 
indicate the unique conception of this excellent text-book. 

/. Heyrovslv. 


S t a n i s l a w Plesniewicz: Klasyfikaeja perwiastkow chemicznych. 
(Classification of chemical elements.) Published by the Polskie Towarzystwo Che- 
miczne (Polish Chemical Society), Warsaw 1931, pp. 160, 15 Figs., 22 Tab. Mono¬ 
graph series N° 1. 

The managers of the Polish Chemical Society are eager to foster a mono¬ 
graph series written by their own men for their Polish readers. They were fortu¬ 
nate to make a start with a subject as interesting as the evolution of the doctrine 
of elements and gain the authorship of Professor Plesniewicz, who is lecturing 
at the Polytechnical Highschool of Warsaw, being a pupil of the renowned 
thermochemist Swi^tostawski. 

The first chapters of this book describe the historical evolution of the idea 
of an element in times when its doctrine belonged to the domain of philosophy 
rather than being a subject of an exact scientific analysis. It is further deduced 
how the elements find a sound definition and “natural” classification by the 
outstanding genius of Mendeleev to whom the greatest merit is ascribed; 
Chancourtois,-Newlands and Lothar Meyer are justly denoted as his 
forerunners. 

Yet the author is critical enough to observe that even the “natural” system 
has — except the known anomalies due to atomic weights — some weaknesses* 
e. g. the lack of analogy between hydrogen and alkali metals, the six free places 
between helium and lithium, the displacements of very similar elements like silver 
and thallium, barium and lead, copper and mercury; the analogous dioxides of 
barium and lead which have to be viewed each differently from the valency 
view-point 

The same objection arises, in the reviewers opinion, as regards the chemical 
properties of the newly discovered rhenium, whose closest analogue is — molyb¬ 
denum ! Indeed in such instances the “periodic function” disappears, the chemical 
behaviour depending more on the ionic, i. e. electronic volume, than on the group 
neighbourhood. 

From the epoch of radioactivity and X-rays with far reaching consequences 
in the elucidation of the nature of matter, the idea of an element is firmly bound 
with the structure of the atom. The author therefore discusses very fully all pheno¬ 
mena — even the most recent — which lead to the modern brilliant solution of 
the problem of the atom and arrives thus at the classification and characterization 
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of the element — no more by vague philosophical ideas — but in precise physical 
terms. Now the “homology" seems merely a secondary property, the physical 
reality of die nuclear charge being the primary factor in the identification and 
classification of elements. 

An original feature of this admirably dearly and concisely written book are 
the numerous tables of elements starting from mediaeval times, then from the 
years 1678,1789,1869,1898 and 1920, including an early version of the Mendel eev 
system, 

./, Heyrovskf* 




Vychazf mesfcrte. — Odpovednf redaktofi a vydavaiele : Prof. Dr. E« Votocek a prof. Dr. J. Heyrovskf. 
Ttstae »Po!ltika« v Praze. — Novinovd sazba povolena feditelstvlm post a telegrafi cfs, 7746-VIL 1929 



THE ANHYDROUS AND THE HYDRATED MANGANOUS 
SULPHATES. — PART I*) 

by J. H. KREPELKA and B. REJHA. 

In the endeavour to separate by various methods traces of the 
element with the atomic number 75, present in some manganese 
salts, we attempted also to treat this difficult problem in a way similar 
to that applied in the better known field of the rare earths, namely 
by fractional isolation of the different hydrates of manganous sulphate. 
Fractional crystallization of this salt of the same origin showed, that 
several fractions — chiefly various hydrates — appear polarographi- 
cally to contain different amounts of the originally present new homo- 
logue of manganese according to the circumstances and conditions 
(mainly temperature) under which they were separated from the 
solution. i 

The solution of the given problem in the way indicated above 
required undoubtedly the knowledge of the fields of existence of the 
various hydrates of manganous sulphate. In this respect the data 
given in the literature of this subject are very different and often 
conflicting, from which it is apparent that even the existence of several 
of the generally accepted hydrates of this salt needs verification. 

For this reason we undertook this extensive research, which cleared 
away the inconsistencies and filled the gaps mentioned above. 

1 . 

There are mentioned in chemical literature on the whole fourteen 
forms of manganous sulphate: two modifications of the anhydrous salt, 
two of the monohydrate, two of the hemihydrate and dihydrate, one 
of the trihydrate, two of the tetrahydrate, one of the pentahydrate, 
hexahydrate and heptahydrate. 

*) A paper presented to the Ceska Akademie Ved a Umhii (Czech Academy 
of Arts and Science), Nov. 13th, 1931. 
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The anhydrous salt. 

As to the preparation of the anhydrous manganous sulphate, all 
authors agree that it can be obtained by drying any hydrate what¬ 
ever at a fairly high temperature. There is, however, a very con¬ 
siderable difference of opinion what temperature at least must be 
applied in order that the salt may be prepared entirely free from water 
at ordinary pressure, as it is evident from the following survey of data: 


Thorpe and Watts 1 ) . .280° 

Friedich and Blickle 2 3 ) . 280° 

Li nebarger 2 ) .180° 

Cottrell 4 ) . 250° 

Richards and Froprie 5 ) . 450° 


Manganous sulphate resists considerably high temperatures fairly 
well. According to Friedrich and Blickle it does not decompose 
even at 700°, when it melts, and its decomposition into oxides of 
manganese and sulphur begins only at 860° being complete at 1030°. 
On the contrary Hoffmann and Wanjukow 6 ) state that the de¬ 
composition begins at 699° becoming energetic at 790°. 

Our first task was to study critically the data mentioned and to 
devise a suitable mode of preparing the anhydrous salt following 
from this inquiry. 

A sample of manganous sulphate (KabIbaum pro analysi, re¬ 
crystallized) being heated for several minutes in a small electric furnace 
suffered first continuously loss in weight, later on it melted and de¬ 
composed becoming black. An investigation of the whole temperature 
interval between 200 and 900° showed that the statement 0 / Richards 
and Froprie is correct. From the data on the changes at very 
high temperatures, however, those of Friedrich and Blickle seem 
to be more accurate. 

The best way of preparing the anhydrous manganous sulphate 
is thus to heat, after preliminary drying at 100°, any of its hydrates 
whatever moderately at 150°, later on in an electric furnace at about 
550° and then to let it cool slowly in a desiccator. 


1 ) Joum. Chem. Soc. (1880), 37, 113. 

2 ) Metallurgie (1910), 7, 323. 

3 ) Joum. Amer. Chem. Soc. (1893), 13, 225. 

*) Joum. Phys. Chem. (1901), 4, 637. 

5 ) Joum. Amer. Chem. Soc. (1904), 26, 75. 

') Bull. Amer. lust. Min. Eng. 1912, 889. 
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The product thus obtained appears to be amorphous, white-rose- 
coioured, very hygroscopic powder. 

Further the statement of de Forcrand, 7 ) deduced from the heat 
of solution of the anhydrous salt, was followed up, that there exists 
besides the simple form of the anhydrous manganous sulphate an¬ 
other, polymeric modification of this salt. According to de Forcrand 
the anhydrous salt (prepared by drying a hydrate with at least four 
molecules of water by means of phosphorus pentoxide) at a tempe¬ 
rature lower than 45° is the simple form, however, when prepared 
at a temperature higher than 45°, it is a polymer. 

If the ordinary anhydrous salt prepared at a high temperature 
would be a polymer, it can be supposed that it could remain in this 
polymerized state still at least some time after having been dissolved. 
Then it would depress the freezing point of the solution less than 
a non-polymerized hydrate of the same concentration and thus less than 
the anhydrous salt prepared at a temperature lower than 45°. 

From measurements made it follows, that a decinormal solution 
of the anhydrous salt prepared the first time by heating the mono- 
hydrate, the other time by heating the pentahydrate has always an 
average freezing point of — 0T9°. A decinormal solution of the 
pentahydrate, however, has always on an average also the same 
freezing point of —0T9°. Thus the anhydrous sulphate prepared at 
a high temperature does not have in the solution other molecules 
than the pentahydrate, and if this is not polymerized, even the 
anhydrous salt cannot be polymerized. (In spite of this the anhydrous 
salt obtained above 45°, but without heating at a high temperature, 
can be a polymer.) 

The discovery of a suitable method of preparing the anhydrous 
salt became a basis for the further study of the hydrates of manganous 
sulphate. 

II. 

The monohydrate. 

The existence of the monohydrate was never questioned. Already 
Graham 8 ) and after him Pettersson 9 ) and Thorpe and Watts 10 ) 
described its preparation from the pentahydrate. Graham dried the 
pentahydrate at about 200°, Pettersson at 150°, Thorpe and 
Watts only at 100°. 


■) Compt. Rend. (1915), 159, 12. 
s ) Phil. Mag. (1835), I, 6, 420. 

'•') Nova Acta Reg. Soc. Upsala 1879. — I0 ) Loc. cit. 
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Control tests of these statements showed, that actually the mono¬ 
hydrate can be prepared very easily by heating any hydrate whatever 
above 100°. An accurate adjusting of temperature does not matter 
much. The higher we heat, the sooner the water content of one 
molecule is reached. The temperature of about 150° is especially 
suitable. An excessive heating (above 200°) could lower the water 
content below one molecule. 

Similarly to the anhydrous salt the monohydrate appears to be 
an amorphous, pale-rose-coloured powder. 

The decomposition of higher hydrates of manganous sulphate 
into the monohydrate is not limited to a temperature region above 
100°, but it takes place very slowly also at ordinary temperature. 
De Foreran d 11 ) obtained the monohydrate at ordinary temperature, 
when he let the tetrahydrate effloresce during three weeks in vacuo 
above phosphorus pentoxide. 

According to our own experiments the powdery pentahydrate 
contained in a room, where the temperature uses to be 16—23° and 
the relative humidity of air 45—55%, 
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Also the heptahydrate effloresces at first quickly, the tetrahydrate, 
however, much less easily. In the same room even large crystals 
of the hepta- and the pentahydrate changed after 38 days in their 
whole volume into the nontransparent, pale-rose-coloured, friable mono¬ 
hydrate, whereas the crystals of the tetrahydrate were covered by 
it only in a thin surface layer. In a cooler and more damp room, 
where the temperature was 8—14° and the humidity 70%, the hepta¬ 
hydrate effloresced on the surface, the pentahydrate also, but only 
very little, and the tetrahydrate remained entirely unchanged. 

The higher hydrates of manganous sulphate, namely the tetra-, 
penta- and heptahydrate, turn thus in dry air in an open vessel 
directly into the monohydrate without passing first through the lower 
intermediate hydrates. If, however, the hepta- and the pentahydrate 
would turn first into the tetrahydrate, they could not effloresce more 
quickly than this last hydrate. 


“) Compt. Rend. (1914), 158, 1760. 
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This result is only seemingly at variance with that of Boite, 12 ) 
who transformed the hepfahydrate in its whole volume into the 
pentahydrate, this again wholly into the tetrahydrate etc., until he 
obtained the anhydrous salt. However, he used a closed vessel, 
whereas our experiments were performed in the free air and thus 
under quite different conditions. 

When standing open to air the vapour pressure uses to be 
approximately only as low as the vapour tension of the monohydrate. 
The crystal of a higher hydrate looses therefore water, until it turns 
on the surface into the monohydrate. This change into the mono¬ 
hydrate proceeds then further into the interior of the crystal. 

On the contrary, in a closed vessel there sets in first also a change 
of the surface up to the monohydrate, so that the crystal becomes 
opaque, but the lower layers of the crystal have such a high vapour 
tension, that the air in the vessel has a higher vapour pressure than 
the surface layer of the monohydrate. The monohydrate must thus 
turn into a higher hydrate, and when the vessel is not too large, 
it is transformed up to the original hydrate. Only a small part remains 
in the form of the next lower hydrate. If the vessel is opened in 
order to disturb the equilibrium and to exchange the air, or evacu¬ 
ated, the process may repeat again. Thus the water content of a closed 
hydrate diminishes without large jumps within the whole volume, until 
the composition of the next lower hydrate is reached. 

The change of the higher hydrates of manganous sulphate into 
the monohydrate proves the existence of the monohydrate. But there 
is also a proof in the opposite direction: the anhydrous salt turns 
namely at ordinary temperature and humidity of the air also precisely 
into the monohydrate. 

The anhydrous salt was left in the same room in free air as has 
been done with the pentahydrate. The progress of hydration is indicated 
below: there were found 
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to one molecule of the anhydrous salt. 

Of course, the slow changes in both directions at ordinary tem¬ 
perature cannot be taken into account for the practical preparation 

”) Z. physikal. Chem. (1912), 80, 338. 
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of the monohydrate. As mentioned already, drying at higher tempe¬ 
ratures is suitable for this aim. Besides this the monohydrate can be 
separated very simply from the solution. 

Already Graham 13 ) gave the advice to heat a (neutral) solution 
quickly to ebullition. Kuhn and Ohimann 14 ) used for this purpose 
an acidified solution. Gmelin and Kraut state that the monohydrate 
may be obtained by precipitating a 70% solution in water by the 
same volume of alcohol (98%) at 47°. According to Etard 15 ) and 
Linebarger 10 ) the monohydrate separates from a saturated solution 
at a temperature of 57—117°. 

Actually one succeeds sometimes in separating the monohydrate 
already at 41°. At lower temperatures it did not separate, not even 
after the solution was inoculated. At a temperature of about 50° the 
monohydrate can be easily obtained, but it is not pure. There separ¬ 
ates namely first the penta- or the tetrahydrate as a crust on the 
surface, which both then change for a great part into the mono¬ 
hydrate. It is therefore better to heat the solution to a fairly high 
temperature, if necessary, even to boiling point. Then there separates 
well a crust of the pure monohydrate on the surface and mainly 
on the bottom. 

The monohydrate obtained in this way retains very obstinately 
the water adsorbed from the solution. The estimation of the water 
content gives therefore always a higher figure than one molecule, 
even after a thorough forcing of air through the funnel of the suction 
flask, even also after drying for several hours on filter paper or on 
a porous plate. The water content can be lowered to its theoretical 
value only after drying for several days or heating. 

The method recommended by Gmelin and Kraut really leads 
easily to the monohydrate, however, the mother liquor (alcoholic 
solution) adheres to the precipitate just as firmly, as if one heats 
simply the solution in water. (The 70% solution is at 47° nearly 
saturated. It happens also, that from such a solution at once the 
monohydrate begins to separate without any addition of alcohol.) 

Similarly as with the anhydrous salt de Forcrand 17 ) arrived 
also with all hydrates containing less water than four molecules at 
the conclusion, that there exist besides the simple forms polymeric 
modifications. 

13 ) Lot. cit. 

H ) SchweiggePs Joarn. Chem. Phys. (1830), 61, 239. 

15 ) Compt. Rend. (1888), 106, 208. 

1S ) Lee. cit. — n ) Loc. cit. 
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In order to control the correctness of these statements of de 
Forcrand the freezing point of a dednormai solution of the mono¬ 
hydrate was determined. Two samples of the monohydrate having 
a different origin were used: One of them was prepared by drying 
(at 135°) a powder precipitated by boiling a solution, the other one 
was obtained from the anhydrous salt by letting it absorb water from 
the air at ordinary temperature for 96 days. The decinormal solution 
of this second monohydrate had a freezing point — 0‘20°, thus nearly 
the same as we found earlier with the anhydrous salt and the penta- 
hydrate. The first monohydrate prepared at 135°, however, had a freez¬ 
ing point —0 - 12° only. 

According to this result two forms of the monohydrate exist, of 
which one has molecules twice as large as the other. This dimeric 
modification is formed at temperatures above 45°. The non-poly- 
merized anhydrous salt when absorbing water at ordinary temperat¬ 
ure changes to a monohydrate which is also non-polymerized. Thus 
the polymerization occurs neither at high temperatures nor at ordin¬ 
ary temperature (below 45°). 


HI. 

The hemihydrate, dihydrate and trihydrate. 

Whereas the existence of the monohydrate was confirmed as yet 
by all authors who investigated manganous sulphate, except Bolte, 
some of them defend, others again dispute the discovery of the hemi-, 
di- and trihydrate. 

Especially the question of the existence of the hemihydrate is not 
yet settled. Even Bolte 18 ) emphasizes in no wise the existence of 
the hemihydrate, which seems to follow from his curve of dependence 
of the vapour pressure on the water content of manganous sulphate. 

De Forcrand made use of this result of Bolte to support his 
own discovery of the hemihydrate. Having dried the monohydrate 
during 10 days in vacuo he obtained a substance approaching in 
composition to a hemihydrate. 

But neither Bolte’s nor de Forcrand’s experiments are so 
unambiguous, that they could place the existence of the hemihydrate 
beyond dispute. 

Our own extensive experiments on the process of taking up of 
water by the anhydrous salt point to the non-existence of the hemi¬ 
hydrate. 


1S ) Loc. cit. 
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The dihydrate was described first by Brandes 19 ) who obtained 
it by “concentrating the fused heptahydrate”. Graham, 20 ) Boite, 
de Forcrand prepared the dihydrate by efflorescence of the higher 
hydrates in vacuo. Besides this de Forcrand obtained it by heating 
the tetrahydrate to 98°. Also Thorpe and Watts 21 ) and Otto 22 ) 
got the dihydrate by boiling the heptahydrate with absolute alcohol. 
Gmeiin and Kraut state that a crust of the dihydrate is formed, 
when a solution of manganous sulphate is evaporated on a water bath. 
Linebarger states that it was separated from a solution between 
40 and 57 0 . 23 ) At variance with this Schieber 24 ) and Cottrell 25 ) 
deny the existence of the dihydrate. 

The statements of Brandes, Thorpe and Watts and Otto 
cannot be regarded as sufficient proof of the existence of the di¬ 
hydrate. If the heptahydrate is fused as in the experiments of Brandes, 
it is necessary first to remove the water which is not water of hy¬ 
dration, and then only it is possible to estimate the water content 
of the remaining hydrate. However, the powdery mass retains water 
so tenaciously and the hydrates of manganous sulphate give off water 
so easily, that it is difficult to distinguish, whether one has a dry 
or a “still wet” or already a weathered hydrate. That Brandes obtained 
by “concentrating the fused mass” a substance containing just two 
molecules of water, was a result of chance. In our own instance in 
often repeated experiments the water content was (on an average) 
2‘38 molecules. That the dihydrate is not formed by the action of 
absolute alcohol on the heptahydrate was carefully ascertained already 
by Schieber. Also de Forerand's manner of heating the tetra¬ 
hydrate is defective. 

It remains to consider the discovery of Linebarger, From 
a saturated solution between 40° and 57° there separates at tempera¬ 
tures up to 45° generally the tetrahydrate, whereas at higher tem¬ 
peratures there is formed on the surface and at the edges a crust 
of badly developed crystals of the tetrahydrate changing instantly into 
monohydrate, so that the average water content found is about three, 
at higher temperatures about two molecules. It is a matter of mere 
chance, when exactly three or two molecules of water are found 
in such a crust. 


!S ) Pogg . Am. (1830), 20, 556. 
a “) Loc. cit. — 3t ) Loc. cit. 

3 ') Aitsf. Lehrb. d. anorg. Chem. IV., I. Abt. 501. 
“) Loc. cit. 

-b Monatshefte (1898), 19, 280. — “) Loc. cit. 
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The aim of our further experiments was to ascertain the existence 
of the dihydrate by thermal analysis. Their results are shown graphi¬ 
cally in Fig. 1. The curve 0 gives the rise with time of temperature 
of the monohydrate, when put into a furnace the temperature of which 
was maintained at 100°. This rise is with dry monohydrate apparently 
very regular and the slower, the nearer the temperature comes to 
the temperature of the furnace. 

On the contrary, as is seen on the curve I, the rise in tempera¬ 
ture of the pentahydrate is from the very beginning somewhat slower 
than with the monohydrate, for heat is taken away from it by eva¬ 
poration of water. Up to about 55° the temperature rises nearly 
proportionally to time. At about 55°, however, the rise of temperature 
begins to decrease strikingly. Because the powder becomes moist, 
it is evident, that the pentahydrate begins to melt. 



In this experiment the water content was 1-80 molecules. 

From curve I it may be concluded that the melting point of the 
pentahydrate is about 55°. (T i 1 d e n found a value of 54°.) The tetra-, 
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tri- and dihydrate left no marks on the curve. The pentahydrate 
changes on melting probably directly into monohydrate and water. 

Curve H shows the change in temperature of the pentahydrate 
with time up to 144° in a furnace maintained at 160°. 

The form of the curve II points to a slackening of the temper¬ 
ature increase due to melting of the pentahydrate. A much more 
striking change in the course of the curve, however, is caused at 
99° by the quick evaporation of the water which was given off by 
the pentahydrate, when it was transformed into the monohydrate. 
This disturbance cannot be explained by a change of some other 
hydrate into a lower one, but only by evaporation of water made 
free before by the fusion of the pentahydrate. This is confirmed by 
the former experiment (curve I), in a furnace heated to 100°. The 
product from this experiment had namely less than two molecules 
of water, so that the transition mentioned would have been apparent 
already on the curve I. The long halt in the temperature increase 
at 99° cannot be explained also by the transition of the monohydrate 
into the anhydrous salt, because the monohydrate retains its water 
firmly up to 200°. Eventually also analysis shows the water content 
to be 1 *01 molecules in this experiment. 

Curve Ill shows the temperature change with time of the hepta- 
hydrate up to 195° in a furnace having a temperature of 210°. 

From the course of the curves analyzed it follows, that the thermal 
analysis made does not suggest the existence of a di- and trihydrate, 
(nor even that of a tetrahydrate). 

It remained still to control the statements of some authors about 
the preparation of the trihydrate. 

Brandes 26 ) and Graham 37 ) prepared the trihydrate partly by 
heating a saturated solution (not, however, up to the boiling point), 
partly from the tetrahydrate in vacuo above sulphuric acid, and 
finally from the anhydrous salt by letting it take up water from the 
air. Linebarger separated the trihydrate from a saturated solution 
between 36 and 40 0 . 38 ) According to Gmelin and Kraut the tri¬ 
hydrate separates in crystals when a saturated solution of the hepta- 
hydrate is heated slowly from 7 to 35°. Schieber 29 ) and Cottrell 80 ) 
deny the existence of the trihydrate. 

The conditions under which manganous sulphate separates from 
the solution according to our experiments above 40° were mentioned 
already in discussing the dihydrate. Under 40° the trihydrate is not 

ae ) Loc. cit. — 1T ) Loc. cit. — - r ) Loc. cit. — M ) Loc. cit. — 3 “) Loc. cit. 
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formed, neither between 30 and 40° the trihydrate is separated from 
the solution. Nor does the trihydrate form by absorption of water 
by the anhydrous salt, but in not too moist an atmosphere the 
monohydrate (and in a very moist one the tetrahydrate or a still 
higher hydrate) is formed. 


In spite of this negative result the existence of the tri-, di- and 
hemihydrate would be possible, if the monohydrate would form mixed 
crystals with the anhydrous salt and the tetrahydrate. Then, of course, 
not only the hydrates mentioned, but hydrates with any water con¬ 
tent whatever between 0 and 4 molecules of water would exist. 

If thus the manganous sulphate would behave like a zeolite, the 
vapour tension of the weathering tetrahydrate would fall continuously 
to zero. The results of investigations made till now on the vapour 
tension of manganous sulphate do not support this supposition. 81 ) 

IV. 

The tetrahydrate. 

This hydrate is well-known long ago, so that its existence was 
never doubted. Indeed, the ordinary commercial manganous sulphate 
is most frequently the tetrahydrate. 

Notwithstanding this the data on its preparation differ considerably. 
It crystallizes from a solution: 

according to Regnault 82 ) at 20 - 30°, 
according to de Marignac 88 ) at 30—40 fl , 
according to Linebarger 84 ) at 18—30°. 

Qmelin and Kraut state that the tetrahydrate separated from 
solution at 18—20°. Cottrell 85 ) found that the point of transition 
of the tetrahydrate into the monohydrate is very near to the transition 
point of the tetra- into the pentahydrate, and that both these points 
lie between 26 and 28°. According to this the tetrahydrate separates 
from the solution (as a stable phase) in a temperature interval of 
only two degrees. 

From our own crystallizations it follows that between 26 and 45° 
generally pure tetrahydrate separates from the solution. When separ- 

3l ) Bo 11e, loc. cit. and Lescoeur, Ann. chim. phys. 1895, (7), 4, 220. 

■“-) Ann. chim. phys. (1841), 76, 200. : 

33 ) Oeuvres 1, 381, Lieb. Jahresb. 1855, 380. 

3t ) Loc. cit. — 35 ) Loc. cit. 
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ated owing to inoculation already at a temperature lower than 26°, 
it is not pure generally, but mixed with the pentahydrate. The penta- 
hydrate separates sometimes also above 30° together with the tetra- 
hydrate, but then the amount of the pentahydrate is generally com¬ 
paratively small. 

Above 45° generally instead of the tetrahydrate or beside it the 
monohydrate is separated. Sometimes, but rarely, the monohydrate 
separates also under 45°. 

Cottrell’s detection of the unusually narrow field of existence 
of the tetrahydrate controverts only seemingly our result. The tetra¬ 
hydrate is indeed stable only between narrow limits of temperature, 
but it is formed as a metastable phase at temperatures high above 
this field of stable existence, where the monohydrate should be 
deposited. This anomaly can be well explained by the polymeric 
nature of the separating monohydrate. When it separates from solu¬ 
tion, it is generally polymerized. However, because below 45° the 
molecules of the sulphate group themselves into the polymer only 
with difficulty, there separates up to 45° rather the penta- or tetra¬ 
hydrate which have a simple molecular structure. Only above 45°, 
when the polymerization proceeds already normally, the separation 
of the monohydrate is not impeded in any way. 

Whereas the anhydrous salt and the monohydrate do not form 
distinct crystals, the tetrahydrate separates from the solution in mono¬ 
clinic prismatic crystals, which are nearly rhombic (/? = 90°53') Sli ). 

The crystal form of the tetrahydrate was investigated by Schieber 
who obtained interesting results 37 ). He observed that at 35—40° two 
kinds of the tetrahydrate are separated from the solution: rhombic 
crystals which are rather stable and monoclinic crystals — often in 
a very small amount — which weather quickly. Contrary to this 
Groth 83 ) quotes a private communication of Goszner, that this 
author obtained in the mentioned temperature interval only the 
ordinary monoclinic tetrahydrate. 

According to our own experience actually two kinds of crystals 
separate from the solution, and that not only between 35° and 40°, 
but also above 40°, the ordinary monoclinic, seemingly rhombic 
crystals, and amongst them here and there scattered groups of a re¬ 
latively small number of tiny crystals of other form, resembling four- 

M ) Marignac, Loc.cit, de Senarmont in Rammelsberg’s Krystal. Chem. 1857, 
Supl. 40. 

3 ’) hoc. cit. 

3e ) Chem. -Krystallographic 1908, II. T. 
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sided sticks. A careful investigation with a magnifying lens showed, 
that there are really three forms. Two of them are triclinic parallele¬ 
pipeds, in one kind of which the long edges are truncated by four 
new faces. The third kind of crystals is evidently not triclinic, but 
rhombic, forming also oblong prisms, but being terminated by faces 
similarly as the ordinary crystals of the tetrahydrate. The pentahydrate 
crystallizes in the triclinic system, and analysis showed actually, 
that a mixture of crystals of the first and second kind contains five 
molecules of water. In the crystals of the third kind 4’67 molecules 
of water were found. These crystals are the crystals of the penta¬ 
hydrate which ceased to grow, and on which directly the tetrahyd¬ 
rate began to deposit. Thus their termination was changed, but 
they remained oblong (the pentahydrate in the direction of the c-axis, 
which became the b-axis in the tetrahydrate). 

Of these three oblong varieties always separated only a more or 
less perceptible quantity in comparison with the large amount of 
crystals of the tetrahydrate. Their crystals were also entirely incapable 
of attaining a greater length than about 6 mms. If the temperature 
was not allowed to fall for a longer time, they always disappeared 
between the quickly growing crystals of the tetrahydrate. Sometimes 
even instead of growing they were corroded on the surface, became 
rough or covered by tiny crystals of the tetrahydrate. According to 
this experience it is possible to explain the origin of the oblong 
crystals, which Schieber considered to be a special modification 
of the tetrahydrate, in the following way. 

In spite of the pentahydrate being more soluble than the tetra¬ 
hydrate the concentration of a quietly evaporating originally dilute 
solution in a dish can sometimes rise to such an extent that the solu¬ 
tion becomes saturated with the pentahydrate (and supersaturated 
with regard to the tetrahydrate). Then the pentahydrate may separate, 
especially on the surface where the solution is in contact with cold 
air. A layer of very thin flakes is formed on the surface breaking into 
polygonal fragments especially hexagons. If such a fragment falls to the 
bottom, it grows farther as an ordinary crystal of the pentahydrate 
generally oblong in the direction of the vertical axis, as long as the 
solution is saturated with the pentahydrate. This, however, does not 
last long, because the solution saturated with the pentahydrate is 
supersaturated relatively to the tetrahydrate, so that the crystals of 
the tetrahydrate grow quickly in it diluting the solution more quickly 
than it is concentrated by evaporation. Thus the crystals of the penta¬ 
hydrate cannot attain larger dimensions; as soon as the concentration 
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of the solution falls below the solubility of the pentahydrate, its 
crystals cannot grow, but dissolve (are corroded). Often crystals of the 
tetrahydrate deposit on them retaining first the oblong form of the 
pentahydrate. 

The layer of the pentahydrate on the surface can acquire a thick¬ 
ness of two millimeters. Then the flakes on the lower side of it turn 
to crystals of the tetrahydrate. A layer only a little thicker, though not 
yet weathered, has not already the composition of the pentahydrate, 
but contains the less water the thicker it is (between four and five 
molecules). The larger crystals into which the flakes change underneath 
the crust can be recognized as tetrahydrate also by their form. 

There do not exist thus two differently crystallizing modifications 
of the tetrahydrate, but only one monoclinic form which was con¬ 
sidered by Schreiber evidently as rhombic. The other form observed 
by this author and considered by him as monoclinic is partly pure 
triclinic pentahydrate, partly the pentahydrate on which crystals of 
the tetrahydrate are continuing to grow. 

V. 

The penta-, hexa- and heptahydrate. 

The known data concerning the temperature at which the penta¬ 
hydrate is deposited from the solution are considerably divergent, 


as shown below: 

Regnault 89 ). 7—20°, 

de Marignac 40 ). 15—20°, 

Linebarger 41 ) ..8—18°, 

Cottrell 4-2 ).9—26°, 

Gmelin and Kraut.10—15°. 


Brandes, 48 ) Klassen, 44 ) Mitscheriich and Regnault found 
that the pentahydrate is formed also, when a saturated solution of 
manganous sulphate is mixed with 95% alcohol, but Schieber 
denies it. 

According to our own experience the pentahydrate is deposited 
between 9 and 26° (as given correctly by Cottrell). Frequently, 
however, the pentahydrate is separated even above 26° instead of 
the tetrahydrate, or along with it. Also even above 40° the crust 
formed on the surface of the solution has first a composition of the 

3 ”) Loc. cit. — 4 “) Lee. cit. — “) Loc. cit. — 43 ) Loc. cit. — 43 ) Loc. cit. 

“) Pharm. Rundschau (1887), 5, 35; C. B. 1887, 387. 
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pentahydrate, and only when it had thickened sufficiently, its water 
content approaches four molecules of water, or it falls eventually 
below this value due to efflorescence. 

By adding alcohol to a saturated solution (at about 20°) actually 
the pentahydrate is precipitated, however, the fine grains of the preci¬ 
pitate retain on their large surface much of the mother liquor, so 
that it is hardly possible to prepare dry pentahydrate in this way: 
generally either all mother liquor loses free water, or the crystals are 
transformed partially into the monohydrate. 

Whereas the tetrahydrate does not melt, when passing over into 
the monohydrate, the pentahydrate melts according to our thermal 
analysis (described above in discussing the existence of the dihydrate) 
at about 55°. 

The efflorescence of the pentahydrate was mentioned already in 
describing the monohydrate. The pentahydrate effloresces more quickly 
than the tetrahydrate having the higher vapour tension of both. The 
statement of Bolte that both these hydrates have quite the same 
vapour tension is erroneous. 


The hexahydrate is formed according to Brandes 45 ) by efflo¬ 
rescence of the heptahydrate in the air. Linebarger 46 ) obtained 
the hexahydrate by crystallization of a solution at — 5° to -f 8°. 
According to Gmelin and Kraut the hexahydrate separates from 
a solution (at its best) between 2° and 5°. Schieber 47 ) denies the 
existence of this hydrate. 

Already our experiments with the monohydrate showed, that the 
hexahydrate is not formed by the efflorescence of the heptahydrate, 
or rather that the loss of one molecule of water is not marked pro¬ 
minently. The surface of the crystals weathers quickly and is covered 
by the monohydrate. Only by chance can the water content of both 
the weathered and the unweathered part taken together be just six 
molecules. 

Nor can the hexahydrate be separated from a solution. At tem¬ 
peratures below and also above zero up to 9° the heptahydrate is 
deposited, at higher temperatures the pentahydrate. 

Sometimes it happens that, when one had been working a long 
time with the pentahydrate, this hydrate separates instead of the hepta¬ 
hydrate even below 9°, or a mixture of both these hydrates is formed. 

45 ) Loc. cit. — 46 ) Loc. cit. — ”) Loc. cit. 
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We are thus justified to dispute the existence of the hexahydrate. 
Wherever it was assumed to exist by the authors mentioned, it was 
actually a mixture the water content of which corresponded by chance 
stoichiometrically with that of a hexahydrate. 


The heptahydrate crystallizes from a solution 

according to Brandes . . . .at — 4° -j- 6°, 
according to Linebarger . . at—10° — 5°, 
according to Cottrell . . below -j-9°. 

Gmelin and Kraut state that the temperature of —5° is the 
most suitable for separating the heptahydrate. 

According to our experiments the heptahydrate separates from 
solution at a temperature lower than 9°. The lower limit of temperature 
is here the freezing point of the eutectic mixture of water and man¬ 
ganous sulphate, which is — 114°. There does not exist any higher 
hydrate of manganous sulphate than the heptahydrate. 

The composition of this eutectic mixture is 32 - 3°/ 0 MnSOi , 67‘7°/ 0 H 2 0, 
or 47-7 grs MnSO^ to 100 grs E«0, i. e. 2'14 mols of manganous 
sulphate in one kilogram of the mixture. 

The heptahydrate crystallizes in the monoclinic system. There 
exists, however, also a rhombic modification, but only in some mixed 
crystals, not in pure state. 

Rammelsberg 48 ) and Retgers 49 ) found namely, that the hepta¬ 
hydrate forms mixed crystals with the green vitriol and the Epsom 
salt When the heptahydrate of manganous sulphate is present in 
a large excess, the mixed crystals have its monoclinic form. However 
if the Epsom salt preponderates greatly, the mixture crystallizes in 
the corresponding rhombic form. In such crystals we must assume 
a rhombic modification of the heptahydrate of manganous sulphate 
to be present. 

The melting point of the heptahydrate was determined already by 
Brandes at 19° R., i. e. 23’75° C. According to our estimation the 
heptahydrate melts at 24° C. 


The results of this investigation may be summarized as follows: 
There exist on the whole six forms of manganous sulphate: the 
anhydrous salt, the simple and the bimeric monohydrates, the tetra-, 

48 ) Pogg. Atm . (1854), 91, 342. 

4 “) Z. physikal. chem. (1895), 16, 580. 
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the penta- and the heptahydrate. Other forms mentioned in literature, 
namely the hemi-, the di-, the trihydrate, a second form of the tetra- 
hydrate and the hexahydrate do not exist. 

From the different statements as to how the hydrated manganous 
sulphate loses its water on heating, that of Richards and Froprie 
is correct. 

The anhydrous manganous sulphate can be prepared by heating 
any hydrate whatever of manganous sulphate, after preliminary drying 
at 100 n , moderately at 150°, whereupon the product must be heated' 
in an electric furnace at about 550° and then cooled slowly in a desic¬ 
cator. 

The anhydrous salt prepared in this way has after dissolution in 
water the same molecules as the pentahydrate: thus if the penta- 
hydrate is not polymerized, the anhydrous salt also cannot be poly¬ 
merized. 

The monohydrate can easily be prepared by heating any higher 
hydrate whatever above 100°. An accurate fixing of temperature is 
rather irrelevant. The higher one heats, the sooner the water content 
falls to one molecule. The temperature of 150° is especially suitable. 
An excessive heating (above 200°) can cause a lowering of the water 
content below one molecule. 

The higher hydrates of manganous sulphate change in open air 
into the monohydrate directly, lower hydrates being not formed 
thereby intermediately. The monohydrate has therefore about the 
same vapour pressure as ordinary air generally has, whereas the 
vapour tension of the other hydrates is higher. 

The anhydrous salt is turned at ordinary temperature and air 
humidity also precisely info the monohydrate. 

The monohydrate can be separated from a saturated solution by 
heating it at least to 41°. However, it is most convenient to heat the 
solution to a considerably higher temperature, if necessary, to ebulli¬ 
tion. The powdery monohydrate thus formed can be separated from 
the mother liquor only very slowly at ordinary temperature. 

The monohydrate obtained by heating a higher hydrate above 
100°, or by boiling the solution, is bimeric. A simple monohydrate 
is formed, when the unpolymerized anhydrous salt takes up water 
at ordinary temperature. 

The data given in the literature on the hemihydrate are entirely 
erroneous — there was studied always only a mixture of the anhyd¬ 
rous salt with the monohydrate; as to the di- and trihydrates the 
investigators quoted had only a mixture of the mono- and tetra- 
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hydrates. This statement is supported by the course of the process 
of absorption of water by the anhydrous salt and by the thermal 
analysis made. 

The tetrahydrate crystallizes pure from the solution between 26° 
and 45°. If it separates due to inoculation already at a temperature 
lower than 26°, it is not pure, but mixed with the pentahydrate. 
Above 45° C generally the monohydrate is separated instead of the 
tetrahydrate, or along with it. 

The tetrahydrate separates from the solution (according to the 
solubility curve) as a metastable phase. At this temperature the mo¬ 
nohydrate should be deposited already. But the monohydrate separ¬ 
ated from a solution is apparently always bimeric. In order that the 
separation may occur, a polymerization must take place before; 
however, this polymerization proceeds below 45° only with difficulty. 
For this reason the tetrahydrate (or pentahydrate) having a simple 
molecule is separated instead of the monohydrate. Only above 45°, 
when the polymerization proceeds normally, there is no obstacle to 
the separation of the monohydrate from the solution. 

There exists only one monoclinic form of the tetrahydrate which 
Schieber evidently considered to be rhombic. The other, monoclinic, 
modification of Schieber is partly the triclinic pentahydrate, partly 
the pentahydrate on which directly the tetrahydrate began to deposit. 

The pentahydrate separates generally between 9° and 26°. Often, 
however, even above 26° the pentahydrate is separated instead of 
the tetrahydrate, or along with it. 

The pentahydrate is precipitated from a saturated solution by 
adding alcohol (at about 20°), but the crystals cannot be obtained 
easily free from the mother liquor without weathering. 

The pentahydrate melts at about 55° giving water and the mono¬ 
hydrate. 

The pentahydrate effloresces more quickly in free air than the 
tetrahydrate and has thus the higher vapour tension of both. The 
statement of Bolte that both these hydrates have the same vapour 
tension is erroneous. 

Wherever the former authors found a hexahydrate, they had 
actually a mixture the water content of which corresponded with 
that of a hexahydrate. 

The heptahydrate separates from a solution below 9°, The lower 
temperature limit is here the freezing point of the eutectic mixture 
of water and manganous sulphate lying at — 11’4°. 
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There exists no higher hydrate of manganous sulphate than the 
heptahydrate. 

The composition of the eutectic mixture is 32’3°/ 0 MnSOi, and 
67’7°/ 0 11,0 i. e. 47 - 7 grs MnSOi to grs of water, or 2T4 mols 
of the anhydrous salt in one kilogram of the mixture. 

in some mixed crystals there exists a second, rhombic, modifica¬ 
tion of the heptahydrate. 

The melting point of the heptahydrate is about 24°. 


From the Institute of Inorganic 
and Forensic Chemistry of the 
Charles' University, Prague. 



COMBINED PHOTOGRAPHIC EFFECTS OF KATHODE RAYS, 
X-RAYS AND OTHER RADIATIONS 

by V. DOLEJSEK and A. NEMEJCOVA.®) 

The effects of actions of X-rays on one hand and those of kathode 
rays on the other are often eventually equal, although the mechanisms 
of single reactions due to each sort of radiations are different hi 
such cases the study of the effects due to superposition of both 
radiations might be of value, since, if the reactions were similar, the 
effects of both kinds of radiations should be additive; if, however, 
the effects turn out not to be additive, differences in the actions might 
be inferred. It is, of course, necessary to choose such a reaction which 
would yield results of the same order of magnitude during anappro- 
ximately equal time of reaction in both kinds of radiations. 

The photographic plate seemed most suitable for that purpose, 
as it is most sensitive and easily subjected to superposition effects. 
To those of kathode rays and X-rays, moreover, the effects of white 
light and heat were superimposed. 

Plates used were Eisenberger '■'•Ultrarapid". 

For the photographic exposures the following sources were applied: 
A technical X-ray tube “Media” Hochl.-Selbstschutz Rokre, Muller, 
with an aluminium screen 2 mm in thickness, run up to 50 kilovolts and 
1*5 milliamps. The screening and adjusted voltage produced a con¬ 
siderably monochromatic radiation. The photographic plates were 
wrapped in black paper and placed beneath a number of strips of lead 
plating, 3 mms thick and 1*5 cm wide, all lying in one plane, parallel 
each other, 1 cm apart; these lead strips and the plate underneath 
were covered with a removable lead plate, 3 mms thick, which could be 
shifted along the strips and thus exposures of various durations effected. 
The distance of the plate from the lamp was 24 cms, at which the illu¬ 
mination was sufficiently homogeneous and not too intense, so that 
exposures from 10 seconds to 40 minutes could have been applied. 

'*) Communicated at the III. International Congress of Radiology, Paris, July 
28th, 1931. 
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As the source for kathode rays served an electronic tube of 
Haiberstadt,*) made by C. H. F. Muller, in which electrons from 
a glowing tungsten spiral, accelerated by an electric field, pass a nickel 
foil 0 - 01 mm thick, electrolytically gold coated. Under a suitable po¬ 
tential gradient the radiation is sufficiently homogeneous; the tube 
was run by 70 kilovolts and TO milliamp. current. Just as in the 
previous case, the photographic plate was wrapped in black paper, 
covered by a lead plate 3 mins thick, into which oblong openings 
were cut and above all by the removable lead screen of the same 
thickness, which was removed during exposures. The foil of the 
lamp was terns distant from the plate; longer distance was not 
advisable as this would have increased secondary X-ray radiations 
and considerably diminished the intensity of kathode rays. 

Exposures to thermal radiations were effected in a thermostat 
kept at 110° C. This was found to be the most suitable temperature, 
at 120° C solarization being already soon obtained. The photographic 
plate was wrapped in black paper and placed into the highest part of 
the thermostat with the sensitive side above. The thermometer was 
fixed closely to the plate. Here very fluctuating results in the blackening 
were obtained, even on one single plate. 

The blackening effects of all plates were measured by Martens’ 
photometer and registered by the M o 11 microphotometer, which served 
to control the flaws which would otherwise in the Martens’ photo¬ 
meter lead to wrong values of blackening. 

Actual measurements. 

The effect due to temperature radiation was followed in two 
ways: 1. by keeping temperature constant and increasing the time 
of exposure and 2. by keeping constant the time of exposure at 
various temperatures. In the first case the same results were obtained 
as when the exposure to white light is prolonged. 

In the second case above 120° C for the plates used solarization 
was observed after 30 min. exposure. 

The effects due to X-rays only are sufficiently known; here, how¬ 
ever, they were re-investigated in order to determine which dura¬ 
tion of exposure would give — at the tension and current used in 
the following experiments — solarization; moreover, a comparison 
of the effects due to X-rays and kathode rays had to be carried out. 

*) The authors are much obliged for the generous present of this electron 
tube to the Firm C. H. F. Muller, Hamburg, who very kindly helped us in the 
technical arrangement. 



The investigation of combined effects of X-rays and thermal radi¬ 
ation have shown that an inverse effect due to temperature occurs 
which depends on the turn: it takes place only when thermal radiation 
acts on the plate after X-rays, i. e. X— T, never reversely, T —X. 

The inverse effect, due to the exposures X— T, are of the following 
character: after exposures to smaller densities of X-rays, temperature 
increases the blackening, yet the parts exposed to X-rays appear 
lighter on dark ground. Let us denote such a change as “inversion”. 
For greater densities of X-rays, from T339, not only the inversion 
takes place, but the blackening due to X-rays becomes even lighter, 
if it was sufficiently long exposed to thermal radiation. 

If, however, the turn I —X be observed, if the thermal exposure 
has not surpassed a certain time, the X-ray effect is always much darker, 
never showing any inversion nor lightening. Increasing exposure to 
temperature radiation renders the plate less sensitive towards X-rays. 

The procedure here adapted was to expose to X-rays of constant 
density a series of plates and photograph on them strips with 
increasing duration of exposure. The plates were then kept in the 
thermostat at 110° C for various lengths of time. After these exposures 
the plate were allowed to cool at 20° C and at once developed. 

The following table stands at one example of this sort of investig¬ 
ation: 

6. Exposure to X-rays for 80 sec. effected blackening of absolute 
density 0'546, fogging O'OOO. 


Duration 
of exposure: 

density due to 
thermal exposition 

density due 
to X+ T 

Ah 

15 min. 

1*110 

1-053 

- 0106 

30 min. 

1-471 

1*321 

— 0-131 

60 min. 

1-462 

T357 

— 0*043 

90 min. 

1-306 

1-253 

— 0-033 


The study of the dependance of the X —T inversion on temperat¬ 
ure has shown that the inversion effect is maximal at that temperat¬ 
ure at which the plate shows maximal density of blackening when 
exposed to temperature radiation alone. 

This results seems of importance especially when compared with 
an analogous effect observed with kathode rays. 

Combined effects of kathode rays and heat 

Here the same inversion phenomenon of the blackening of plates 
was encountered as in the influence of X-rays and heat, which again 
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occurs only in the iurn kathode rays — heat, (abbreviated as K- — T). 
In the T — K exposures inversion never was observed. 

Two sets of measurements are given as examples: 

The kathode-ray exposures lasted 60 sec. and the thermal expos¬ 
ure 60 min. at 110° C. To the kathode-ray exposure corresponded 
a density T465 in another strip T552 (fogging 0-464 — 0*575); these 
differences are due to the inhomogeneous distribution of kathode rays. 


A, the turn K—T 


thermal 

exposure 

blackening density 
due to heat 

density after 

K -f- T exposure 

Jh 

60 ruin. 

1*166 — 1*181 

1*286— 1*295 

+ 0*112- -fO-129 


B, the turn T—K 


thermal 

exposure 

blackening density 
due to heat 

density after 

T -f K exposure 

Jh 

60 min. 

1*295 - 1*303 

1*529—1*623 

-r 0 234 — 4- 0-324 


From these and similar results we see: 

1. that Ah is positive, i. e, with the kathode-ray density here 
applied the inversion is not so far reaching that it would lead to 
less blackening than that due to any single exposure. 

As will be shown later on, temperature can never invert the effect 
of kathode rays completely, as it is the case in the X-ray effect of 
the same density. 

2. the sequence K—T diminishes the density from T465 or 1’552 
to T286 and 1*295 resp; on the other hand the T—K effect is to 
increase each of the single effects. 

3. the screened parts of the plate show considerable fogging, 
which in the X-ray exposures was effected after 30 min. This blacken¬ 
ing is probably due to secondary kathode rays and not secondary 
s-rays, since the exposure was too short (60 sec.). This fogging is 
considerably less in the K—T sequence which again means inversion 
in the same direction as observed in the parts exposed. 

Measurements were made in which plates, exposed to kathode 
rays were kept for various lengths of time at a constant temperature 
of 110°C. Some of these results are here given:*) 

*) For the details of the investigation see A. Nemejcova Dissertation, Charles 
University, 1931. 
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Exposure to kathode rays: 5 sec. density of blackening' thus effected: 
1-330—1-339, fogging 0-034. 


Duration of 
temperature 
radiation 

blackening 
due to T alone 

blackening 
due to 

K 4- T 

Ah- 

30 min. 

1-330 

1-424 

+ 0-094 



1-518 

-j- 0" 188 

60 » 

1-434—1-529 

1-385 

— 0-125 



1-404 

— 0-049 

90 * 

1-700 

1-623 

— 0-077 



1-674 

— 0-026 

120 > 

1-424—1-496 

1-414 

— 0-045 



1-486 

— o-oio 

180 > 

1-286 

1-220 

— 0-066 


The double values refer to each of the two exposed strips. 

The inversion effect reaches at 180 min. thermal exposure a di¬ 
minution of the original density due to kathode rays alone. In the 
case of X-rays this stage has been, however, reached already after 
120 min. of warming. 

Exposure to kathode rays: 60 sec. density of blackening thus effected: 
1-465-1-552, fogging 0'464—0'575. 


Duration of 
temperature 
radiation 

blackening 
due to T alone 

blackening 
due to 

K + T 

Ah 

30 min. 

1-228—1-404 

1-404 

+ 0-216 



1-444 ' 

+ 0-184 

60 » 

1-174 

1-286 

+ 0-112 



1-295 

+ 0-129 

120 * 

1-163 

1-212 

+ 0-046 



1-228 

+ 0-065 

240 » 

1-212—1-312 

1-228 

+ 0-016 



T330 

+ 0018 

360 » 

1-599—1-700 

1-756 

+ 0-234 


The density of blackening reaches here a minimum after 240 min. 
of heating, after which it begins to increase. Exposures to X-rays of 
the same density show under this treatment such a considerable in¬ 
version, that after 150 min. heating their blackening effect vanishes 
altogether. It is thus evident that the exposures to kathode rays resist 
much more temperature effects than those of X-rays. 
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The influence of increase in temperature after the kathode ray 
exposures has been found similar to the influence observed in the 
case of X-rays. Here again the inversion in X-ray exposures was much 
more pronounced, this confirming the view that the kathode ray 
effects are more resisting and of a more lasting character towards 
heating than the photographic effects due to X-rays. 

Comparison and discussion of the results obtained with kathode 

rays and X-rays. 

The chief difference in the blackening of plates exposed to kathode 
rays on one hand and X-rays on the other, when afterwards exposed 
to thermal radiation, consists in the ease, by which already short 
temperature exposure inverts the blackening due to X-rays. In the 
following tabie the differences of the densities, Jh, are given, for 
plates on which kathode-rays or X-rays effected to the same density 
of blackening, and which were afterwards kept at 110° C for various 
lengths of time: 


duration of orig- density of 
inal exposure bla d + en t + 
toff-or X-rays: KotX 


30 


Ah after thermal exposure lasting: 

60 90 120 150 min. 


K 5 sec. 1-334 + 0'131 — 0087 — 0'052 — 0 027 — 0-066 

X 20 min. 1'339 — 0‘048 — 0‘023 — 0-026 — 0'013 — 0-027 

K 60 sec. 1-504 + 0-200 + 0T2O +0-055 

X 30 min. 1-507 +0-117 —0-017 — 0-082 0000 0-000 


Most characteristic for the K- and X-ray effects are the two last 
lines in the above table, where the X-effect sustended no inversion, 
not even after a prolongation of the thermal exposure to 6 hours 
(not given in table); the X-ray effect, on the other hand, completely 
vanished after 120 min. of heating. 


The combined effects of X-rays and white light: 

The inversion here encountered is already known as the Villard 
effect. The investigations were here pursued in order to see how far 
the used plates show the Villard effect and how far this phen¬ 
omenon is similar to effects observable with kathode rays. 

It has been found that only the sequence X-rays, white light 
causes inversion, and only within certain limits of blackening due to 
X-rays as well as white light. These limits are : for X-rays up to 0-566 
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(for 1*073 inversion does not take place); for white light above 0*790 
(for 0*755 does not occur). 

Weakening of original X-ray exposures was observed for densities 
of blackening 1*321 and 1*414 and subsequent exposition to white light 
density 0*504. 

The combined effect of kathode rays and white light: 

The inversion effect was found to occur only in a certain range 
of exposures to kathode rays (up to the density 0*725) and after ex¬ 
posures to white light producing densities of blackening above 0*614. 
For greater densities caused by kathode rays the combined effect 
produces always a density, which in larger than that due to light 
alone. In two cases we have observed after exposure to light a weaken¬ 
ing of the original blackening caused by kathode rays. 

Thus the inversion effects of white light upon plates which were 
exposed to kathode rays are practically identical to those observed 
in X-ray — white light exposures. 

In either inversion occurs for a certain range of original blackening 
and for white light above a certain blackening power. These ranges 
of blackening densities are in both cases numerically almost equal. 

Inversion effects due to kathode rays and X-rays. 

To start with the X-ray tube was run by 50 kilovolts and 1*5 milli- 
amp. Even if the exposure to X-rays lasted several hours, the effects 
of both kinds of rays were additive;*) in further experiments 50 kilo¬ 
volts and 5 milliamp. were applied. The same intensity and tension 
on the kathode tube were used as before, viz. 1 milliamp. and 
70 kilovolts. 

Greater densities of blackening had to be effected with X-rays, 
as the inversion has been found to occur only when densities of 
blackening due to the two radiations are near to each other. These 
blackenings are so great that the Martens photometric readings 
could not be controlled by Moll’s microphotometer, the only possible 
control being by sight. Therefore the following measurements must 
be regarded as of a rather qualitative nature. 


*) Evidently here — as also in the combined effect of X- and j’-rays — the 
so called time factor plays an important role, i. e. the duration of the time of 
exposures. This will be discussed in a latter communication. 
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The experimental procedure was the following: 

Strips of the plate were exposed to X-rays for various lengths 
of time and one half of the plate — perpendicularly to the strips, — 
exposed to kathode rays before or after the X-ray action. Thus at 
the same time on one plate also the effect due to X-rays alone 
could be measured and any inversion conveniently observed. 

it has been ascertained that the sequence of X-and X-radiation 
plays practically no rdle; the tables given below thus refer to the two 
sequences. Inversion never occurred for less densities of blackening 
than those given in the tables. 

1. X-exposures lasting 30 sec. 

a) Sequence X—X. 

Absolute density of blackening effected by kathode rays: T552—T611. 


Exposure to 
X-rays 

blackening due to 
X-rays 

J h = (K + X)-(A') 

20 min.*) 

1-518 

+ 0-218 

30 min. 

1-330 

+ 0-028 

40 min. 

1-575 

+ 0-083 

50 min. 

T552 

— 0-020 

60 min. 

1*611 

4-0-159 


b) Sequence X—X. 

Absolute density of blackening effected by kathode rays: 1*518—1*611. 


Exposure to 
X-rays 

blackening due to 

X 

4A = (X+X) 

20 min.*) 

T635 

4-0-165 

30 min. 

T414 

+ o-ooo 

40 min. 

1-465 

— 0-000 

50 min. 

T454 

— 0-060 

60 min. 

1-552 

4- 0-024 


Inversion takes place after 40—50 min. of X-ray exposure, yet it 
ceases after 60 min. of exposure, which produces a greater density 
by itself, so that this effect cannot be due to solarization. 

*) The opening of 20 min. exposure received stronger density of radiation 
than the rest of openings. 



2. X-exposures lasting 60 sec. 


a) Sequence X—K. 


Absolute density of blackening effected by kathode rays: 1 ’312—1-434. 


Absolute 


Exposure to • 
X-rays 

blackening due to 

X 

J/i=(X+ K)-K 

20 min.*) 

1-518 

4-0-315 

30 min. 

1-348 

4- 0-064 

49 min. 

T328 

- 0*103 

50 min. 

1-454 

— 0-010 

60 min. 

1-563 

+ 0-177 


b) Sequence K —X. 


density of blackening effected by kathode rays: T518— 

Exposure to 
X-rays 

blackening due to 

X 

1 

H 

T 

20 min.*) 

1-330 

+ 0-024 

30 min. 

1-414 

— 0-024 

40 min. 

1-404 

— 0-012 

50 min. 

1*475 

— 0-048 

60 min. 

1-770 

+ 0-147 


Inversion occurs again after about 40 min. of X-ray action. In¬ 
crease of blackening is observed in all exposures. 

Thus in the combined effect of kathode and X-rays the sequence 
does not matter when inversion takes place; it is, however, greater 
for K—X than X—K. This occurs only within a certain region of 
blackening, which is for both radiations about equal. Decrease in 
blackening might effected only in the K —X sequence at certain 
densities of blackening which are again slightly less for both radiations 
of the same order or for kathode rays. 

It thus seems that the specific actions of the two radiations are dif¬ 
ferent We cannot explain these inversion effects by radiations of 
different wave-lengths, neither by the Cleyden effect, in which 
inversion is produced by superposition of two similar radiations but 
of unequal intensities. 

*) The opening of 20 min. exposure received stronger density of radiation 
than the rest of openings. 
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Here the inversion is independent of the sequence and takes place 
of equal intensities — whereas Cleyden’s occurs only when after 
a greater a very slight intensity of long duration is applied. 

Moreover, there is a difference in the shade of blackening due to 
X-rays, which is bluish-grey, whereas kathode rays produce a brownish 
blackening similar to that produced by temperature radiation. 



<jj —rr , '^cr ——~—^. u . n .-. . _ . 


Fig. 1. 

is a microphotogram showing the “inversion effect” of A'-rays and temperature 
radiation, the density of blackening due to X + T being considerably smaller than 

that due to T alone. 



is a microphotograin showing the combined effects of kathode rays and temper¬ 
ature radiation. The density of blackening due to T -j- K is greater than that due 
to T alone, yet much smaller than that due to K alone. 

The combined effects of white light and temperature. 

The action of this combination is already known. Our experiments 
showed that exposures to white light show increasing blackening with 
increasing temperature radiation. 

Inversion could be observed only with in a very narrow range 
of thermal radiation (10 min.) and only for strong illumination with 
white light. 





H. Bellioi (Science et Industries Photographiques, VII (1927) 
p. 89) found a decrease in density of blackening due to white light 
(l - 44), when the plate was kept at 90—100 n C for 8 hours. As the 
emulsion of our plates, however, would not stand such long heating, 
exposures of that kind were omitted. 

It is gratefully acknowledged that these researches were aided by 
a grant of the Czechoslovak Testing Corporation at the Institute of 
the Masaryk Academy of Work (Cs. Zkusebni Svaz Ostavu Masa- 
rykovy Akademie Prdce) subventioned by the Ministry of Commerce. 

Institute for Spectroscopy 
Charles’ University, Prague. 


Summary. 

Combined effects of various kinds of radiations were studied 
photographically. Thus the effects of X-rays and white light on the 
same plate were examined by determining the density of blackening 
produced and similarly in the case of kathode rays. 

It is already known that the joint action of X-rays and white light 
causes at a certain density of blackening an “inversion”, i. e. a smaller 
effect than the sum of the single blackenings; this (Villard effect) 
occurs only in the sequence X-ray —- white light. 

When applying kathode rays instead of X-rays we have found 
that again in the analogous sequence kathode rays — white light 
and in the same range of density of blackening “inversion” takes 
place. Thus electrons, when combined with white light, act like 
X-rays. 

When, further, the effects of X-rays are combined with exposures 
to heat, “inversion” of blackening takes place for any densities what¬ 
ever, provided sequence X-rays — heat is observed. 

In combined effects of kathode rays and heat (ca 2 hours at 110° C) 
we find an “inversion” of blackening only in the sequence kathode 
rays — heat and at densities not exceeding T4. 

It has been observed that an exposure to kathode rays renders 
the plate less sensitive to heat effect than exposure to X-rays. 

Finally, when combining X-rays and kathode rays, “inversion” has 
been found occurring within a certain range of densities of blackening 
(about equal for both radiations); contrary to all the above cases 
of “inversion”, this last one is independent of sequence. 
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SELS COMPLEXES INTERNES DE CUIVRE ET DE NICKEL 
DU PRODUIT DE CONDENSATION DE V ALDEHYDE o-OXY- 
BENZQIQUE AVEC L’ETHYLENEDIAMINE 

par J. V. DUBSKY et A. SOKOL. 


Les ortho-oxyaldehydes forment d’interessants sels complexes in¬ 
ternes, caracterises par une stability considerable, une grande facility 
de crista!lisation et une forte solubiiite dans les solvants organiques. 
11s sont insolubles dans l’eau. Iis presentent un cycle a six chatnons 
du type suivant: 


H 

, C= 

>— 


H 


o. 


Me( 


.,o=a 


-0 


/ \ 


\ 


0- 


Dans le temps dernier, P. Pfeiffer, E. Buchholz et O. Bauer 
(Journ.f. praktische Ch. 1931 ,129, 163) signalent la facile formation des 
sels complexes internes des o-oxyaldimines obtenues avec les o-oxy- 
aldehydes en presence d’ammoniaque, entrevuedejapar Ettl i ng {Ann. 
1840, 35, 265), qui, toutefois, formulent leur constitution d’une maniere 
differente. P. Pfeiffer et ses collaborateurs, par contre, attribuenta ces 
sels la constitution, vraie sans doute, de complexes internes du type 

M H 

/ G=NH.. ,NH=C k 
/ \ \r e / \ 

O— o/ x °—o 


Pour certaines raisons, nous nous sommes interesses au produit de 
condensation de l’o-oxybenzaldehyde avec l’ethylenediamine, car il laissait 
pr6voir la formation des sels complexes internes du type particulier suivant 


H 

,C= 


H 


:N ,CH 2 -CH z>N J a 


>Me< 


\ 


/ l 

jiffrant deux cycles a six chainons, un a cinq chalrions. 
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Lorsqu’on melange une solution alcoolique d’aldehyde salicylique 
avec de I’ethylenediamine a 10%, on obtient un liquide jaune qui, 
en peu de temps, fait deposer de petits cristaux jaunatres, d’eclat soyeux. 
Analyse: 

Substance: 4'31 mgr, N 0*397 cc (24*1°, 743'2 mm) . . N 10*34%,. 


Calcule pour 
une diimine 


ii ii 

, C-^N / 

\—0—H If. — U—\ 

' \ 


. N 10*44%. 


Nous n’avons pas reussi a saisir le produit intermediate, c’est-a-dire 
le sel ammonium de Fo-oxybenzaldehyde avec I’ethylenediamine: il se 
forme, dans tous les cas, aussitot la diimine donnant avec les sels 
des metaux lourds d’interessants sels complexes internes cristallisables. 
Pour le moment, nous avons pu isoier et soumettre a l’analyse les 
sels cuivrique et de nickel. 

Ce dernier prend naissance lorsqu’on melange une solution al¬ 
coolique d’aldehyde salicylique avec les quantites calculees de sel de 
nickel et d'ethylenediamine. Le liquide jaune separe bientot de fins 
cristaux filamenteux jaune orange. Seche a Pair, le produit est rouge 
brique et se dissout avec une couleur rouge intense dans la pyridine. 
Le point de fusion et de decomposition est a 330°. 


Analyse: 

Substance: O'1570 gr, NiO 0'0349 gr . Ni 17*47%, 

5 78 mgr, JSf 0‘461 cc (15*1°, 722 mm) . . N 8*98%. 
Calcule pour C l6 H u N»0 2 Ni . . . Ni 18*07%, N 8*62%. 


Dans des conditions analogues le sel cuivrique se separe a froid 
sous forme d’un precipite gris vert, k chaud, a l’etat de belles feuilles 
vert fonce. (Point de fusion et de decomposition: 322°.) 

Analyse du sel prepare a chaud: 

Substance: 04429 CuO 0*0340 gr . Gu 19*01%, 

5*62 mgr, N 0*430 cc (21 *0", 746*1 mm) . N 8*69%. 
Calcule pour G n H u N»0. 2 Cv . . . Gu 19*34%, N 8*49%. 


lnstitut de Chimie analytique 
de la Faculte des Sciences a FUniversite 
Masaryk de Brno (Tchecaslovaquie). 
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SUR LA TETRANITROSOPYROCATECHINE ET QUELQUES- 
UNS DE SES DERIVES 

par j. FREJKA, j. ZIKA et H. HAMERSKY. 

II nous a paru interessant de reprendre l’etude de la nitration 
directe de la pyrocatechine att moyen de l’acide azotique. La iitterature 
presente a ce sujet le travail de Benedikt et Wesselsky (M. 3, 
386) qui, en nitrant une solution dans Tether a 2% de pyrocatechine 
par i’acide azotique fumant, obtinrent, avec un rendement d’ailleurs 
peu considerable, la 3-nitro et la 4-nitropyrocatechine. Leur separation 
a pu etre effectuee par entrainement a la vapeur d’eau, grace a la 
volatility inegale des deux produits. 

En repetant les experiences des dits auteurs nous avons constate 
que Sa nitration ne reussit que dans le cas ou 1’acide azotique mis 
en oeuvre est rouge, c’est-a-dire renferme des vapeurs nitreuses. 
Lorsque nous operions avec un acide qui en etait exempt, nous 
n’obtenions jamais de derives nitres, pas meme la moindre trace, rnalgre 
les nombreux essais faits dans cette voie. — La nitration directe par 
I’acide azoteux se trouve deja decrite dans un travail de Benedikt 
(Ber. 11, 362). En l’operant, en milieu aqueux, par de Tazotite alcalin 
et de i’acide sulfurique dilue, cet auteur obiint toutefois la 4-nitroso- 
pyrocatechine a cote d'une quantite insignifiante de derive nitre. 

Apres avoir constate Timportance de 1’acide azoteux pour les 
nitrations de la pyrocatechine, nous avons tache de saisir les produits 
resultant de Taction de cet acide sur le dit diphenol et de les etudier 
d’une maniere approfondie. 

En operant avec des solutions etendues, telles que les avaient 
employees les auteurs anterieurs, nous n’avons pu obtenir de resultats 
positifs. Toutefois, si nous faisions agir I’acide azoteux sur une 
solution aqueuse concentree de pyrocatechine additionnee d’acide 
acetique anhydre, nous n’avions pas de peine a isoler un corps dont 
les proprietes le rangaient parmi les derives nitroses. Lorsqu’on ajoutait 
de l’acide acetique a une solution concentree d’azotite de sodium et 
de pyrocatechine, il se separait un corps jaune brun jusqu’a rouge 
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brim, fortement explosif. L’etablissement de sa composition, tres 
penible en raison des dites proprietes explosives, montra qu’on etait 
en presence d’un sel sodique de la pyrocatechine tetranitrosee. Quatre 
groupes nitroso ont evidemment occupe les 4 places disponibles 
du noyau benzenique. 

Malgre une serie d’essais speciaux il ne nous a pas ete possible 
de preparer des derives qui renfermassent un nombre inferieur de 
groupes nitroso. 

La Iitterature ne donne pas jusqu’ici beaucoup dedications sur 
les derives nitrosees de la pyrocatechine, a moins qu’on ne prenne 
en consideration ceux qui derivent des ethers de la pyrocatechine. 
C’est ainsi que Rupp (Ber. 30, 2444) obtient le nitrosogai'acol par 
action de nitrite d’amyie sur Tether en question. D’autre part, Pfob 
(Ber. 18, 469) prepare ce derive nitrose en faisant agir l’azotite alcalin 
sur une solution de gaTacol acidule par de Tacide acetique. Kehrmann 
(Helv. 8, 218, 257) constate la formation de la 5-nitroso-5-acetylamino- 
pyrocatechine lorsqu’on ajoute de Tacide acetique a un melange de 
4-acetylaminopyrocatechine et d’azotite alcalin. 

Par ses proprietes, notre tetranitrosopyrocatechine se rapproche 
etroitement de la dinitrosoresorcine, colorant connu, prepare pour 
la premiere fois par Fitz (Ber. 8, 631) en faisant agir Tazotite alcalin 
et Tacide sulfurique sur la resorcine. Tout comme ce colorant, elle 
donne le plus souvent des sels acides, ainsi que ce sera montre plus 
bas dans la partie experimental de notre communication. 

Du sel de sodium, peu soluble dans 1’eau, on peut mettre en 
liberie, par la quantite calculee d’un acide mineral, la tetranitrosopyro¬ 
catechine. Pour la caracteriser autant que possible, nous avons tache 
d’en preparer des sels et d’autres derives que nous avons souniis 
a Tanalyse autant que le permettait leur nature explosive. Void les 
prindpaux derives que nous avons etudies: 

Sel sodique acide, sel d’argent, sel neutre de plomb, sels acides 
de calcium, de .cadmium, de baryum. Quelques-uns des sels, comme 
par exempie le sel d’ammonium, d’argent, de cuivre, n’ont pas ete 
analyses, d’une part, a cause de leur explosivite excessive, d’autre 
part, parce que leur purification presentait des difficulty. — Comme 
autres derives nommons les tetranitrosopyrocatechines diac&ylee et 
dibenzoylee. 

La reduction du tetranitroso par Tetain et Tacide chlorhydrique 
a fourni la tetraminopyrocatechine, tres instable, s’oxydant au contact 
de Fair avec une facility extraordinaire. D’autres mfithodes de reduction 
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n’ont pas conduit a des resuitats positifs. Les sels tetramines sont 
plus stables que la base libre. Sous une forme apte a i’analyse nous 
avons pu obtenir ie chiorhydrate et le sulfate. 

Nous avons, de plus, essaye I’oxydation de la tetranitrosopyro- 
catechine en derive tetranitre: L’oxydation au moyen de 1’acide azotique 
nous a donne une faible quantite d’un produit cristallise qui n’a pu 
etre analyse par suite de sa nature extremement explosive. Toutefois, 
les autres proprietes nous font penser qu’il s’agit d’une pyrocatechine 
nitree. Les essais fails pour methyier la tetranitrosopyrocatechine n’ont 
pas eu de succes jusqu’a present. 

La tetranitrosopyrocatechine et son sel sodique teignent en brun 

la laine mordancee par les sels ferreux ou chromiques. II nous a efe 

impossible d’obtenir une teinte verte analogue a celle que donne la 
dinitrosoresorcine avec les sels de fer. 

L’application de notre tetranitroso sur la laine non mordancee 

a fourni une teinte jaune allant au brun, tandis que les colorants 

nitres donnent, dans ces conditions, des tons jaune pur. 

Partie experimentale. 

Sel acide sodique de la tetranitrosopyrocatechine. 

Preparation: A une solution aqueuse concentree de 1 gr de pyro¬ 
catechine pure dans 5 gr d’eau et de 5 gr d’azotite de sodium pur 
dans 8 gr d’eau, on ajoute, par portions, en refroidissant par de la 
glace et en agitant energiquement, 4‘6 cc d’acide acetique anhydre. 
Le liquide acquiert une couleur brun fonce et degage des vapeurs 
nitreuses. 

Lorsque la totality de 1’acide est introduite, le melange se prend 
en une bouillie de meme couleur. Apres quelques minutes de repos, 
on essore et on lave avec un peu d’eau ou d’alcool. L’emploi de ce 
dernier est plus avantageux parce que le sel sodique y est assez peu 
soluble. Les rendements et la qualite du produit varient avec l’intensite 
du refroidissement et de l’agitation, et avec la vitesse' d’introduction 
de I’acide acetique. Si le liquide reactionnel n’est pas refroidi et 
que l’introduction de l’acide se fasse trop lentement, le rendement 
est mediocre et le produit est brun fonce jusqu’a noir. Si, par contre, 
on a soin de bien refroidir et que la totalite de i’acide acetique soit 
introduite au cours de 10 minutes environ, on obtient un produit 
rouge avec un rendement de 80%. 

Un sel sodique de meme composition se laisse preparer en ajoutant 
a ia nitrosopyrocat^chine libre un exces d’alcoolate de sodium (d’une 
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solution de sodium metaiiique dans Faicool). li se separe aussitdt un . 
precipiie brun rouge. 

Proprietes: Le sel sodique est peu soluble dans Faicool, Tether, le 
benzene, Facide acetique anhydre. un peu plus soluble dans l’eau froide. 
Dans Teau chaude il se dissout bien et separe, par refroidissement, 
de petiies aiguilles rouges. Avec les lessives alcalines ou I’ammonia- 
que il donne une solution rouge sang dont les acides mettent en 
liberte la tefranifrosopyrocatechine. 

Le sel sodique, comme aussi les autres sels de la tetranitroso- 
pyrocatechine, est fortement explosif. A 1’etat sec, il detonne avec ve¬ 
hemence sous le choc ou par frottement contre un objet dur. C’est 
pourquoi il faut le manipuler avec beaucoup de precaution. A Tetat 
humide, par contre, le sel n’est plus dangereux. Chauffe lentement, 
le sel sec explose vers 90°. Lors d’un chauffage tres prudent il y a de- 
gagement d’azote vers 80°, apres quoi une elevation de temperature 
ulterieure ne determine plus aucune explosion. 

Analyse: Elle a ete fort penible en raison de 1’explosivite consi¬ 
derable du sel. Le dosage de 1’eau de cristallisation etait impossible, 
car deja vers 90° il y a explosion, C’est pourquoi on soumettait 
a 1’analyse elernentaire des echantillons seches pendant un temps 
prolonge, sur P 2 0 6 a la temperature ordinaire, jusqu’a poids constant. 
Toutefois, malgre les plus grandes precautions, le dosage du carbone, 
de Fhydrogene et de Tazote ne reussissait pas, la combustion etant 
regulierement accompagnee d’une explosion. Nous avons du, enfin, 
nous borner au dosage du sodium: La substance additionnee d’acide 
suifurique dilue, a et£ evaporee au bain-marie, 1’exces d’acide a ete 
chasse au bain d’air. Le residu {Na^SOf) a ete pese. 

Substance: Oi066 gr, Na 2 S0 4 0-0307 gr . . . . Na 9-32%, 

0 0954 gr, Na z S0 4 0’0277 gr . . . . Na 9-42%. 

Calcule pour C 6 (A r 0),0 2 7fxVa . . . . Na 9-27°/ 0 . 

Ces chiffres mettent en evidence que le produit en question con- 
stitue le sel de sodium acide de la tetranitrosopyrocat£chine. 

Tetranitrosopyrocatechine libre. 

Le sel sodique, prepare comme ci-dessus et humide encore, est 
delayd avec un peu d’eau, puis decompose par addition de la quan¬ 
tity calculee d’acide suifurique ou chlorhydrique. Le nitroso libre se 
separe immediatemeni sous forme d’un precipiie jaune sale, parfois 
jusqu’a brun. Apres essorage energique et lavage h I’eau, le produit 



est cristallise dans I’alcool bouillant. ii s’en depose a i'etai de longues 
aiguilles luisantes, couieur jaune brun, que 1'on ess ore et qu’on des- 
seche au dessiccateur sulfurique a la temperature du laboratoire. 

Proprietes: Le corps est peu soluble dans 1’eau froide et l’alcool, 
assez bien dans I’alcool bouillant, tres facilement dans l’acide acetique 
anhydre, surfout a chaud. II se dissout, en outre, dans Facide sulfu¬ 
rique concentre. A l’etat sec, il est fortement explosif: il detonne deja 
aux chocs faibles ou par frottement entre corps durs. A l’etat humide. 
il est insensible au choc. Chauffe avec de 1’acide azotique concentre, 
il se decompose, souvent avec explosion. 

C’est un acide assez fort. Avec les azotites il met en liberte des 
vapeurs nitreuses et abandonne son sel sodique a l’etat de petites 
aiguilles d’un beau rouge. Il decompose egalement les carbonates et 
les acetates. Dans les lessives alcalines ou l’ammoniaque il se dissout 
en rouge de sang, dans l’acide sulfurique concentre, en jaune rouge. 
Avec le chlorure ferrique il donne une coloration vert sale. 

11 ne permet pas un dosage d’azote: en effet, a 160° il y a explosion, 
aux temperatures inferieures, ii ne perd pas encore son azote. Ces 
difficultes nous ont amene a essayer de doser les groupes nitroso 
suivant le procede de R. Clausner (Ber. 34, 889, 35, 4280) qui 
consiste a chauffer la substance avec de la phenylhydrazine en milieu 
d’acide acetique anhydre et a mesurer l’azote mis en liberte. Toutefois, 
les resultats obtenus ainsi etaient peu satisfaisants, ils ne concordaient 
ni entre eux, ni avec la valeur calculee pour 4 groupes nitroso. Les 
chiffres variaient en effet entre 35 - 4 et 5340%- La theorie exige pour 
3 groupes nitroso 39 82°/o, pour 4 groupes nitroso 5340°/ 0 d’azote. 
Les valeurs trouvees se rapprochent done plutot de celles exigees 
pour 3 groupes nitroso. 

De tout ceia il ressort que le procede Clausner ne se prete point 
au dosage des groupes nitroso dans les corps du type en question. 

Autres sels de la tetranitrosopyrocatechine. 

Lors de leur preparation ii faut tenir compte de ce qu’ils sont 
tous fortement explosifs, surtout a I’etai sec, par consequent il s’im- 
pose de les manipuler a Fetat humide et avec beaucoup de precau¬ 
tions. On peut les preparer des deux manieres suivantes: a) a partir 
du corps nitroso fibre, b) a partir du sel de sodium par precipitation. 
Dans l’un et I’autre cas on les obtient sous forme de precipites 
cristallins ou amorphes, plus ou moins souilles d’impuretes adsorbdes. 
A l’etat tres pur on les obtient en introduisant une solution aqueuse 
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d’azotite metallique dans une solution de tetranitroso dans i’acide 
acetique anhydre. Ici, la separation est sensiblement quantitative, parce 
que les produits formes sont le plus souvent tres peu solubles dans 
1’acide acetique. 

Presque tons les sels prepares par nous sont acides; seul le sel 
de plomb fait exception a la regie, etant normal. 

Sel d'ammonium. — A une solution de tetranitroso dans 1'alcool 
on ajoute par gouttes une solution alcoolique d’ammoniaque. Le 
produit se separe immediatement sous forme de menues aiguilles 
jaune brun qu’on lave a 1’alcool. 

Dans 1’eau froide il est peu soluble, assez facilement dans 1’eau 
chaude d’ou il cristallise par refroidissement. Les lessives alcalines le 
dissolvent avec une couleur rouge de sang. L’analyse du sel n’a pas 
eie faite. 

Sel d’argent. — On l'obtient en precipitant une solution aqueuse 
chaude de sel sodique par un exces d’azotate d’argent. Le precipite 
floconneux est essore, lave a 1’eau, et seche au dessiccateur sulfurique. 
A I’etat sec, le produit est jaune rouge, insoluble dans 1’eau, 1’alcool, 
I’acide acetique. Les acides mineraux mettent en liberte le nitroso initial. 
Parmi tous les sels de tetranitrosopyrocatechine prepares par nous 
le sel d’argent est le plus explosif. En raison de cela, 1’analyse n’a 
pu etre effeduee. 

Sel cuivrique. — Une solution aqueuse chaude de sel sodique 
est precipitee par une solution de sulfate de cuivre. Le produit est 
brun sale, amorphe, difficile a filtrer et a purifier. Nous avons du 
renoncer a son analyse. 

Sel de plomb. — Nous l’avons prepare en precipitant par 1’acetate 
de plomb (en solution aqueuse) soif une solution aqueuse chaude 
de sel sodique, soft une solution alcoolique chaude de nitroso libre. Dans 
Fun et l’autre cas le produit presente meme couleur et m£mes autres 
proprietes. 

Le precipite est immediatement essore, lave a 1’eau, seche au 
dessiccateur sulfurique. 11 est rouge brun fonce, tres peu soluble dans 
1’eau, 1’alcool, I’acide acetique. Il se dissout a chaud dans un exces 
d’acetate de plomb. A I’etat sec, il est explosif, de meme au contact 
d’une goutte d’acide azotique concentre. 

Analyse: Pour doser le plomb, la substance a £te additionn£e 
d’acide sulfurique 6tendu, evaporee d’abord au bain-marie, puis 
a sec au bain d’air. Le residu ( PbSO A ) a ete pese. 



Substance; O' 1457 gr, PbSO. t 0'1016^r . ... . Pb 47'62° j0 , 

O'1828 .gr, PbSOi 0i279 gr .... Pi 47-71%. 
Calcule pour le sel neutre . ... Pb 48-04%. 

Ces cbiffres font voir qu’on est en presence du sel C r ,{NO) i O.,Pb. 

Sel acide de cadmium. — Une solution aqueuse chaude de set 
sodique est traitee par du sulfate ou de Piodure de cadmium en so¬ 
lution aqueuse. Jaune d’abord, le precipite devient brun au bout de 
quelques heures. 11 est peu soluble dans l’eau. . • 

Analyse: Le produit, seche d’abord au dessiccateur sulfurique, 
puis sur P. 2 0j jusqu’a poids constant, a ete evapore avec de 1’acide 
sulfurique pour passer a Petat de sulfate de cadmium. 


Substance: Q-1075.gr, CdSO 4 0 - 0397 gr . . . . Gel 19'80°/ 0 . 

Calcule pour le se! acide . ... Grl 19-90%. 


Le corps a done la formule [C ii (N0) i 0. 2 H] 2 C(i. 

Sel acide de calcium. — On ajoute une solution aqueuse de chlorure 
de calcium a une solution aqueuse chaude de sel sodique. Le preci¬ 
pite amorphe, brun fonce, est essore, lave a Peau, seche au dessic¬ 
cateur sulfurique. 

Pour Panalyse le produit a ete evapore avec /f 2 ,S'0 4 concentre. 

Substance: 0-0773 gr, OaSO A 0-0214 gr . . . . Ga 8*15%. 

Calcule pour le se! acide . ... Ga 8-23%, 

d’ou la composition [G 6 (N'0) i 0 2 H] 2 Ca. 

Sel acide de baryum. — On Pobtient, a partir du sel. de sodium, 
en precipitant par !e chlorure de baryum (voir ci-dessus), sous forme 
d’un precipite brun rouge, cristallin, parfois meme a l’etat de fines 
aiguilles. II est peu soluble dans Peau. A la difference des autres sels, 
il se dissout dans 1’acide acetique anhydre, surtout a chaud, en jaune 
rouge. 

L’analyse du produit, seche sur /%S0 4 puis sur P 2 0 5 jusqu'a 
poids constant, a ete effectuee par evaporation avec de 1’acide sulfu¬ 
rique concentre. 

Substance: 0-131 \gr, BaSO t 0-05Mgr . . . . Ba 23*20% r 
0-1803 gr, BaSOi 0'0702 gr . . . . Ba 22-91%. 
Calcule pour ie sel acide . ... Ba 23'39%. 

Le produit a done pour formule [%(JV0)4O 2 i7]. 2 B«. 



Teinture sur laine de la tetranitrosopyrocatechine 
(libre ou a Fetal de sel sodique). 

Nous operions dans les conditions habituelies pour les colorants 
nitroses. Sur mordant ferrique ou de chrome ia laine se teint en brun. 

I. 0‘5 gr de laine (prealablement lavee par une solution de savon 
a 5°/ 0 ) ont et6 mordances par une solution renfermant 5°/ 0 de sulfate 
ferrique et 2% d’acide oxalique pour 100 p. de laine. Apres lavage 
au moyen de I’eau faiblement alcalinisee par une trace de soude 
carbonatee, la laine mordancee a ete chauffee une demi-heure environ 
dans une solution a 5% de tetranitroso ou de son sel de sodium. 
Elle a ete ensuite lavee a Feau et sechee. La teinte obtenue est brune. 

II. La laine a ete mordancee a cbaud par une solution a 3% de 
bichromate de potassium et de l’acide formique a 2%, puis traitee 
par une solution a 5% de tetranitroso. Elle s’est teinte en brun. 

III. Essai de teinture directe sur laine: Q‘5gr de laine ont ete 
chauffes une demi-heure environ avec une solution a 5% de tetra¬ 
nitroso et d’acide acetique. La coloration obtenue etait un jaune allant 
au brun. La meme teinte, un peu plus claire, s’ohtient avec le sel 
sodique du tetranitroso. 

Tetranitrosopyrocatechine diacetylee. 

1. A un melange de 1 p. de sel sodique sec et de 3 p. d’anhy- 
dride acetique on ajoute, goutte a goutte et en melangeant, de Facide 
sulfurique concentre jusqu’a complete dissolution. Le liquide reac- 
tionnel s’echauffe fortement. Apres refroidissement, si l’on verse dans 
la quantite quintuple d’eau, le diacetate se separe sous forme de 
petites aiguilles jaune sale ou brunes. 

2. A un melange de 1 p. de tetranitroso sec et de 2 p. d’anhydride 
acetique on ajoute, par gouttes, de Facide sulfurique concentre jusqu’a 
ce que tout entre en solution. Apres refroidissement, on verse dans 
de l’eau, et Fon purifie le produit acetyie, qui est jaune pur ici, par 
cristallisation dans le benzene chaud. Une seule recristallisation suffit 
pour 1’avoir pur. 

La diac£tyl-tetranitrosopyrocatechine cristallise en petites aiguilles 
d’un jaune pur, presque insolubles dans l’eau froide. Elle se dissout 
bien, surtout a chaud, dans Fa!cool ou Facide acetique, d’oii elle 
cristallise facilement. Le mieux est de la faire cristalliser dans le 
benzene chaud, car ce solvant ne dissout pas les impuret6s goudron- 
neuses qui 1’accompagnent. Le derive diacetyle est explosif, lui aussi, 
mais a un degre bien moindre que les sels des metaux. II est moins 



sensible au choc que ces seis. A I'etar humide il est absolument 
insensible. Lorsqu’on je chauffe lenfement, il commence par abandon- 
ner de Fazofe; ie residu se laisse bruler sans explosion, ce qui rend 
possible son analyse eiementaire. 

Dans les lessives alcalines ie derive diacetyle se dissout en rouge de 
sang et subii la saponification. Cette derniere est presque instantanee 
iorsqu’on opere a chaud. On peut egalement le saponifier en chauf- 
fant avec de 1’acide chlorhydrique concentre. 

Analyse: 

1. Substance: 0*0794 gr, X \3'0cc (17*5°, 735*6 mm) . . X 18*66°/,,. 

Le calcul pour ie diacetate de tetranitrosopyrocatechine donne 
18*07 J 0 d’azote. L’ecart est du aux faibies explosions que 1’on ne 
saurait eviter pendant la combustion. 

2. Substance: 0*0829 gr, CO, 0*1192 gr. . C 39*22%. 

Le diacetate exige 38*71% de carbone. 

11 nous a ete impossible de doser l’hydrogene parce que la com¬ 
bustion etait regulierement accompagnee d’une faible explosion par 
suite de laquelle ii s’est introduit un peu d’oxyde de cuivre dans ie 

tube en U. 

Les chiffres obtenus a l’analyse font voir qu’on est en presence 
de 1’efher diacetyle de la tetranitrosopyrocatechine: C fi (2VO) 4 (06'O. CH^. 

Tetranitrosopyrocatechine dibenzoylee. 

On peut operer, ici encore, des deux manieres suivantes: 

1. 1 mol. de tetranitroso est chauffee avec 2 mol. de chlorure 
de benzoyle. Lorsque tout s’est dissous, on verse dans l’eau. Les 
cristaux jaunes obtenus sont essores, laves a Peau, puis recristallises 
dans I’alcool. 

2. 1 mol. de tetranitroso ou de son sel sodique est dissoute dans 
2 mol. de potasse caustique en solution aqueuse, puis agitee avec 
2 mol. de chlorure de benzoyle. Le produit se separe bientot sous 
forme d’un precipite brun fonce qu’on essore, lave a Peau et recris- 
tailise dans I’alcool. 11 est moins pur que dans le cas precedent. 

Le corps pur forme des cristaux jaunes, insolubles dans Peau, 
bien solubles dans Palcool ou 1’acide acetique, surtout 4 chaud. Au 
choc et au frottement il se montre moins sensible que le derive 
diacetyle. Chauffe lentement, il perd d’abord de Pazote, puis se laisse 
brfiler sans explosion. Dans les lessives alcalines et l’ammoniaque il 
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se dissout, apres queique temps, en rouge de sang en subissant la , 
saponification. L'acidulation du Iiquide met en iiberte facide benzo'ique. 

Analyse: 

Substance: 0'0917^r, N lOi cc flW, 743*4 mm) . . N 12*59 %. 

Caicule pour le dibenzoate . . N 12*9%. 

La composition est done celle d’un dibenzoate C^NO^OCO. G e ,H 7 )«. 

Teiraminopyrocatechine. 

Nous avons effectue la reduction du tetranitroso par 1’etain et Facide 
chlorhydrique. Apres une serie d’essais preambles, le procede suivant 
s’est montre le plus avantageux: Le tetranitroso est reconvert d’un 
peu d’eau, puis additionne d’un exces d’etain et de ia quantite cor- 
respondante d’acide chlorhydrique concentre. Le Iiquide s’echauffe 
presqu’a Febullition, et le corps nitrose entre aisement en solution. 

On termine la reaction au bain-marie. Apres refroidissement, on 
traite le filtrat dilue par l’hydrogene sulfure. Le filtrat apres le sulfure 
d’etain est evapore dans le vide, redissout dans l’eau et traite de 
nouveau par H»8 pour eliminer le reste de i’etain. On filtre et, apres 
avoir ajoute un peu d’acide chlorhydrique, on evapore dans le vide. 

Le residu est abandonne a Ia cristallisation dans un dessiccateur 
a vide. Si 1’on a eu soin d’operer rapidement, on obtient des cristaux 
rosatres de chlorhydrate de teiraminopyrocatechine. On fait d’ailleurs 
bien de transformer le chlorhydrate en sulfate, plus stable celui-ci. 

Le chlorhydrate pur est en cristaux incolores, qui, surtout k l’etat 
humide, s’oxydent aisement au contact de Fair en se colorant en 
rouge. 11 est tres facilement soluble dans Feau. La solution aqueuse 
s’oxyde rapidement par Fair en dev en ant d’abord rouge, puis noire. 
Dans 1’alcool et l’ether le sel n’est que tres peu soluble. Les solutions 
du chlorhydrate possedent des proprietes fortement reductrices: elles 
reduisent la liqueur de Fehling, l’azotate d'argent deja a froid, un 
peu plus lentement les chlorures d’or et de platine. Avec les lessives 
alcalines, les solutions de carbonates alcalins et Feau de baryte, il donne 
d’abord une coloration rouge violet qui vire bientot au bleu violet; 
si Fon chauffe le Iiquide, la coioration passe par le vert pour devenir 
enfin rouge brun. L’amine libre est evidemment extremement instable au 
contact de Fair, aussi toutes nos tentatives de i’isoler ont absolument 
£choue. 

Avec le chlorure ferrique et un peu d’acide chlorhydrique le chlor¬ 
hydrate donne une belie coloration rouge, mais le Iiquide ne s£pare 



ni d’imide, ni de pbenazine. La reaction d’isonitrile n’a pu etre obtenue, 
la diazotation ne reussit pas non plus. 

Avec certains sels des metaux le clilorhydraie donne d’interessants 
precipites. On les obtient si l’on ajoute une solution de sel metallique 
et une goutte de potasse caustique (a 1%) a une solution aqueuse 
de chlorhydrate de tetraminopyrocatechine. C’est ainsi que le chlorure 
mercurique produit un precipite de couleur noir violet intense, l’azotate 
de cobalt un precipite brun rouge, le sulfate de cuivre un precipite bran, 
le chlorure de nickel donne un produit violet, le sulfate ferrique fournit 
une solution violette et un precipite de meme couleur lequel vire au 
vert apres queique temps. Tous ces produits sont tres instables a 1’air. 

Pour l’analyse, le chlorhydrate a ete purifie par plusieurs precipi¬ 
tations au moyen de Falcool-ether, puis desseche dans le vide sulfu- 
rique jusqu’a poids constant. 

Substance: 0i014.gr, N 15*2 cc (21-0", 752 mat) . . N 17-22%. 

Le chlorhydrate de tetraminopyrocatechine exige X 17-7°/ 0 , ce qui 
concorde suffisammeni avec le chiffre trouve. 

Sulfate. — Une solution concentree de chlorhydrate a ete additionnee 
d’acide sulfurique, puis precipitee par de I’alcool-ether. Le sulfate s’est 
separe a Fetat d’un precipite presque blanc (faiblement rosatre) qu’on 
a lave par un melange d’alcool et seche dans le vide sulfurique. 11 est 
plus stable a 1’air que le chlorhydrate. 

Analyse (par precipitation au moyen de ILSO 4 ): 

Substance: 0i069.gr, BaSOi 0U347 gr . . . H«S0. l 52-95%, 
0-1377 gr, BaSOt 0-1743 gr . . . IBSO^ 53-17%. 
0-1354 gr, X 19-1 cc (20-3°, 760 mm) . . N 16 05%. 

Ces ch iff res s’accordent bien a la composition d’un disulfate 
CfXH^iiOH).,. 2 tf» 8 Oi, pour lequel on calcule 53'58% d’acide sulfu¬ 
rique et 15'27% d’azote. 

Le bromhydrate de notre base a ete prepare par evaporation 
reit6ree dans le vide du chlorhydrate avec de Facide bromhydrique. 
II est brun. Nous n’avons pu I’obtenir sous forme analysable. 

L’acide picrique precipite les solutions aqueuses du sulfate apres 
queique temps. Les cristaux jaunes de picrate sont explosifs. 

Institut de Chimie organique 
de I'Universite Mas aryk a Brno 
(Tckecoslovaquie). 



LIVRES NOUVEAUX. 


Tadeusz Milob^dzki: Szkola, analizy jakoseiowej. (Coins d 3 analyse 
qualitative*) Wydamie czwarte poprawione i uzupetnione tablicaml do analizy jakos- 
cfowej Zygmunta Szell era, Varsovie 1931. 495 pages de fexfe, 96 pages de 
tableaux. 

Ainsi que Pindique son litre, le livre comprend deux parties principals. La 
premiere, e’esi le texte propreinent dit de M. Miiob^dzki se rapporfant a Fanalyse 
qualitative, alors que la seconde est constitute par les tableaux de M, Szeller 
dormant sous une forme concise un aper^u des reactions interpretees dans la 
partie I et de la marche a suivre dans leur application a la recherche qualitative. 
M. Milob§dzki expose la matiere en trois subdivisions dont la premiere presente 
des considerations generates, la deuxieme trade des metaux, la troisieme des me- 
talloides. La premiere partie donne, com me introduction, le systeme periodique 
des corps simples qui, bien qu’il ne soit pas presente de la maniere habituelle, 
ir’en est pas moins clair. Suivent des generates sur Lean, Foxygene, les acides, 
les bases et les sels, Pexplication des diverses operations chimiques, la division, 
de Fanalyse qualitative, et le plan que Ton suivra dans Pouvrage. — Dans la' 
deuxieme partie, il signale les proprietes des metaux, la maniere de se comporter 
de ieurs composes lors des essais par voie seche, puis leurs reactions en solution 
aqueuse. Get expose est introduit par un tableau mettant en evidence la division 
des cations en groupes analytiques et repondant en somme aux methodes de 
separation courantes. 

Dans le premier groupe (reactif ECl) Pauteur range Ag, Mg, Pb, dans le deuxieme 
(reactif E 2 S) : Eg, Pb , Bi, On, Cd ; ds, Sb, Sn ; dans le troisieme [reactif (NE^S]: 
Ni , Co, Fe, Mn, Or, Al , Zn ; dans le quatrieme [reactif (XE^CQ- -f NHJJQ : Ba y 
Sr 9 Ca ; dans le cinquieme: Mg; dans le sixieme: Xu, K, XH,\ En premier lieu, 
il donne toutes les reactions des divers metaux et de Ieurs cations, et ajoute, a la 
fin de chaque chapitre, un court apergu des reactions caracteristiques de Felement 
en question. Apres chaque groupe analytique des elements se trouve decrite leur 
separation au sein de la classe en question, puis, dans le chapitre qui suit, leur 
separation d’avee les elements des classes precedentes. La deuxieme partie est 
terminee par un chapitre relatif a la recherche systematique de tons les cations 
mentionnes. Les divers chapitres relatifs aux metaux comprennent, en outre, les 
metaux consid&res comrae moins courants, tels que For, le platine, le molybdene, 
le tungstene, Puranium, le vanadium, le titane, le cdrium, le thorium, les metaux 
des terres rares, etc. — La troisieme partie de Pouvrage, traitant des metalloMes, 
est egalement precedes d 3 un tableau indiquant la division des anions. L’aufeur 
recommande de faire les trois essais prealables suivants; 

a) de distiller une partie de la prise d’essai acidulee par Facide acetique et 
de faire passer les gaz mis en liberte d’une part dans une solution d’iodure de 
potassium, d*autre part, dans une solution d’azotate d’argent; 



b) de faire reagir une autre prise d'essai dhme part sur line solution saturee 
de sulfate d’argent, d’aufre part, sur la mixture magnesleniie. 

Quant aux anions, it les divise en quaire groupes. Dans le premier il range 
ceisx qui donnent des precipiies avec Fazotate de strontium (7*0, ff \ AxO/*\ H1 J 0A\ 
A«QA f * [les deux derniers apres oxydation], ^OA\ DtV', les ions tartrique et oxalique, 
F\ BOA) ; dans le deuxieme groupe il met les anions precipitant par Fazotate de 
zinc (BU Z \ s'", FcCp - 6 "", FcGtj ; dans le iroisieme, ceux qui precipilent 

par Fazotate d’argent (t-f\ J\ SJJA\ CX#): dans le dernier, enfin, ceux qui 
s’etaient montres passifs vis-a-vis des reactifs mentionnes jusqirtci ( CIO ./, Fion 
acetique, NOA}« Dans cette partie, Fauteur signale les proprietes des corps simples 
dorr derivent les dits anions, ainsi que les caracteres des acides correspondants. 
Id encore, il trade avec beaucoup de soin les essais par voie seche et les essais 
preliminaires, et presente, chez tons les anions, leur recherche par voie humide 
dhtne man fere detaillee. il esquisse en outre les possibility de leur separation et 
de leur recherche dans les melanges. Les derniers chapitres sent consacres aux 
acides silicique et fhiosilicique. Suit un tableau indiquant la solubilite des sels 
a cations et anions courants. Le livre est termine par un index alphabetique tres 
detail I e. 

Les tableaux de M. Szeller resument d’une tagon tres claire d’abord les essais 
preliminaires et les reactions par voie seche. Suivent ensuite des tableaux relatifs 
aux reactions des metaux (cations), lent separation dans les diverses classes, la 
separation system at ique des cations en general en tenant compte de la modifi¬ 
cation dti mode operatoire dans le Iroisieme groupe si Ton est en presence des 
phosphates, des oxalates, des vanadates. Les reactions des anions, dies aussi, son! 
resumees dans des tableaux. L’ auteur y ajoute la marche systematique pour la 
recherche des anions suivant les fails donnes par M. Mitob$dzki dans la premiere 
partie du livre. 

Le livre des auteurs est un Cours d’analyse qualitative de haute valeur scien- 
tifique et pedagogique, qui sera certainement apprecie non seulement par la jeunesse 
etudiante des hautes ecoies polonaises, mais en general par tons les chimistes 
de Pologne. An point de vue typographique il merite egalement tons les eloges. 

Nous ne sail no ns mieux terminer ce compte rendu qu’en felidtant les auteurs 
d j un ouvrage si reussi et appele a rendre de si precieux services aux chimistes 
polonais* 


O. TomJcek. 



THE ELECTROKINETIC POTENTIAL § ON A CERAMIC DIA¬ 
PHRAGM AND ON A PARCHMENT PAPER MEMBRANE 
MEASURED BY THE METHOD OF STREAMING 
POTENTIALS x ) 

by J. BABOROVSKV and B. BURGL. 


Baborovsk^’s 2 ) method of estimating hydration of ions being 
based on the measurement of electrolytic water transport in an appa¬ 
ratus the cathode and anode parts of which have to be separated 
from each other by a parchment membrane requires this membrane 
to be characterized electro-osmotically. However, the concentration 
changes of the electrolyte around the electrodes arise generally not only 
electrolytically (ions of the electrolyte being discharged on the electro¬ 
des, transported within the solution and carrying water of hydration 
with them), but also electro-osmotically, the electrolysis taking place 
in presence of a membrane. Because the amount of the electrolytic 
water transport, and thus the hydration of ions, is estimated from the 
change of concentration .of the electrolyte around the electrodes, it is 
important in this method to know, which part of the total transport 
of the electrolyte and of the solvent is caused by electro-osmosis. 

From Helmholtz’s 8 ) and Perrin’s 4 ) theory of electro-osmosis 
it follows that the volume of liquid v transferred electro-osmotically 
by a definite diaphragm in unit time is given by 


t,DEq 
An t]l ’ 


( 1 ) 


f being the electrokinetic potential of the membrane considered, Ejl 
the external potential gradient between the electrodes placed on both 


! ) This research will be published extensively in Czech in the Sbomik of the 
Societas Sdentiarum Moravica, Brno, Vol. 1931. 

l ) See e. g. J. Baborovsky: Z. pkysikal. Chem. 1927, 129, 129. 

3 ) H. v. Helmholtz: Arm. Physik 1879, 7, 337; Gesarnmelte AbkuttM, 1882, 
1, 835. 

4 ) J. Perrin:/. Chim. phys. 1904, 2, 601. 
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sides of the diaphragm of the thickness J, D the dielectric constant 
of the liquid, »/ its viscosity, q the effective section of the membrane 
and rt Ludolf s number. Substituting for K by Ohm’s law 


/•; 


i 


* 


where i is the current and x the specific conductivity of the liquid 
in the pores of the diaphragm, 


Given the quality and concentration of the electrolyte, the amount 
of the electro-osmotic transport of the liquid in the apparatus con¬ 
sidered depends solely on the eledrokinetic potential £ of the parch¬ 
ment membrane, the experimental determination of which was aimed 
at in this research. 

To this end we have not used, however, the direct eledro-osmotic 
method following from equations (1) or (2), because the electro- 
osmotic transport of the given solution is accompanied and eventually 
masked by the electrolytic transference of fhe liquid. For this reason 
we followed rather the inverse electrokinetic phenomenon of the 
'■'■streaming potentials” more difficult experimentally, but giving for 
£ values free from error caused by the electrolytic transport of the 
liquid. If a liquid is driven mechanically by a definite excess pressure 
p through a diaphragm, an electric potential difference, the streaming 
potential, H, is set up between electrodes placed on both sides of 
it, which is given after Helmholtz by 


II = , 

4 7i}] x 



the symbols on the right having the same meaning as before. The 
identity 5 ) of the electrokinetic potential £ in both electrokinetic pheno¬ 
mena considered was proved by Saxen, 6 ) who determined both 
v and H in the same apparatus with a clay diaphragm having con¬ 
firmed experimentally the relation 


L _ H 

r p 

deduced from the equations (2) and (3), 



5 ) See N. Thon: Z. physikal. Ckeni. (A), 1930, 147, 147. 
°) U. Saxen; Ann. Physik 1892, 47, 46. 
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Experimental difficulties in determining £ on a parchment mem¬ 
brane by the method of streaming potentials have compelled us to 
measure this quantity first on a ceramic diaphragm in order to acquire 
the necessary experience with a better defined and reproducible 
membrane having a considerably larger electrokinetic potential. A dia¬ 
phragm made from Prof. Konig’s filtering mass, P 26h , of the Berlin 
Porcelain Manufacture was used. ' 

The, apparatus must permit the simultaneous determination of 
the streaming potential, H, on the boundary considered, the excess 
pressure, p, under which the liquid is pressed through the membrane, 
and the specific conductivity * of the system: diaphragm liquid. 
The liquid contained in a hermetically closed Woulfe’s bottle of about 
one litre capacity was pressed through the diaphragm by means 
of compressed air from a tank with a capacity of about 50 litres. 
The excess pressure of the air was measured by an open mercury 
manometer. The streaming potential was determined by the usual 
Poggendorff s method using reversible decinormal calomel electrodes 
attached to both sides of the diaphragm by means of bridges filled 
with a decinormal solution of potassium chloride containing 2% of 
agar-agar. Because of the high internal resistance of this arrangement 
Dolezalek’s 7 ) binant electrometer was used as zero instrument. 
The auxiliary potential difference necessary for both halfs of the 
electrometer needle was supplied by a battery of water cells according 
to Herweg. 8 ) The value of streaming potentials varied in our measure¬ 
ments between 0'5 and 560 millivolts; the binant electrometer was 
thus convenient because of the direct proportionality between the 
auxiliary potential difference and the deflection of the needle. The 
electrometer could be calibrated by means of a proper key by a W esto n 
cell. The potential differences were measured twice, the second time 
after commutation. Both the key and the commutator were made of 
ceresine in order to insulate perfectly. The middle cell of the auxiliary 
battery as well as one of the binants of the electrometer were earthed 
during the measurement 

The diaphragm investigated was cemented between flanges of 
both parts of a conveniently constructed glass apparatus, 9 ) both sides 
of the diaphragm being in contact with perforated platinum electro¬ 
des which enabled us to measure the specific conductivity of the 
liquid in the capillary pores of the diaphragm which, as proved 

’) F. Dolezalek: Ann. Physik 1908, 26, 312. 

b J. Herweg: Pkysikal. Z. 1906, 7, 663. 

*) For description and illustration of the apparatus see the Sbomik 1. c. 


r 
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theoretically by Smoiuchowski, 10 ) must be greater (because of 
electrokinetic phenomena) than the conductivity measured usually in 
conductivity vessels and had to be measured therefore directly in the 
apparatus for measuring streaming potentials in the presence of the 
diaphragm examined. 

The equations (1), (2) and (3) are derived from the suppositions, 
that 1. the liquid is streaming through capillaries and 2. that this 
streaming is strictly laminar. The radius of the capillaries must not 
be therefore too large, because then the streaming would not be 
laminar. However, the capillaries must not be too narrow, in order 
that the thickness of the electric double layer in the interface con¬ 
sidered might be neglected in comparison with the radius of the 
capillary, lilig and Schonfeldt 11 ) have found recently that the values 
of '£ determined by the electro-osmotic method on ceramic dia¬ 
phragms prepared from the same raw material, but having different 
pores, fall with the increasing radius of the pores. Freundlich 12 ) 
thinks that in these experiments the thickness of the electric double 
layer was already a considerable fraction of the small diameter of the 
pores. Because the electrokinetic potential depends further also on 
the quality of the diaphragm investigated, we thought it very im¬ 
portant to characterize the diaphragm 1. chemically and 2. hydrodyn- 
amically, before its electrokinetic properties may be studied. 

From the chemical properties of our ceramic diaphragm we. 
investigated first the proportion of its main constituents, silica and 
alumina, in order that we may compare the values of electrokinetic 
potential found by us with the values determined by other authors 
(eventually by other methods) on other ceramic diaphragms. The 
dried membrane contained: 49’5% Si0 2 , 49’8% Al 2 0 s , 0-4% CaO 
and traces of Fe. 2 0 s and Ti0 2 . The membrane is thus made of pure 
ceramic raw materials without any addition of soluble salts. Alkalies 
are not present and the diaphragm was proved by special expe¬ 
riments to be practically insoluble in water. This is important for 
our research, because already slight quantities of electrolytes, e. g. 
potassium chloride, have a considerable influence on the value of 
£. Despite of its practical insolubility the membrane was washed 
before every measurement by sucking through it about one liter of 
water or of the liquid used in the measurement. 

‘"> M. v. Smoiuchowski: Physikal. Z. 1905, 6, 529. 

“) K. Illig and N. Schonfeldt: IF/ss. VerSff. Siemens-Konz. 1928, 7, 
294, 301. 

u ) H. Freundlich: Kapillarchemie, I. Band, p. 339, Leipzig 1930. 
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Hydrodynamic properties. In order that Helmholtz’s equations 
may be valid the streaming of a liquid through the diaphragm must 
follow Poiseuille’s law. This is fulfilled for our diaphragm within 
limits of the experimental error and of the excess pressure used in 
measuring the streaming potentials on it, as shown in Table 1. We 
measured the time, t, (in seconds) necessary at a given excess pres¬ 
sure, p, (in mms of mercury) for the meniscus of water driven through 
the diaphragm to travel between two marks in a capillary connected 
to our apparatus for measuring the streaming potentials. This time 
should be, according to Poiseuille’s law, inversely proportional to 
the excess pressure, and thus the product of both quantities must 
be constant at different excess pressures. 


Table 1. 

Membrane No. 9. 


p 

27-3 

47-8 

71-4 

96-2 

69-5 

45-2 

18-0 

t 

21-5 

12i 

8-0 

5-9 

8-2 

12-7 5 

32-4 

p . f 584*3 

578-4 

571-2 

567-7 

569-9 

576-2 

583-2 


Mean value: 575-8. 


It is thus admissible to calculate the electrokinetic potential from 
equation (3). However, its numerical value will depend also on the 
radius of the pores of the diaphragm which as well as their number 
was determined by Marshall’s 18 ) method based on a theory of 
Bjerrum and Man ego Id. 14 ) On the simpliest supposition, that 
the diaphragm considered, of thickness l, contains » capillaries of 
a circular section and radius, r, all running vertically to the surface 
of the diaphragm consisting of insulating material, the radius of the 
capillaries is given, according to Marshall, by 


and the number of pores 




( 5 ) 

( 6 ) 


■1 

where — is the resistance capacity of the diaphragm, determined by 
calibrating the membrane with an electrolyte of known conductivity 

13 > C. E. Marshall :/. S. C. /. (Transactions) 1929, 48, 373. 

M ) N. Bjerrurti and E. Manegold: KoUoid-Z. 1927, 43, 5. 



which would bring its electrokinetic potential to zero. The quantity 
K in (5) and (6) is given by 


and is really the volume, V, in ccs of the liquid of viscosity, 17, 
pressed through the diphragm in unit time under the excess pres¬ 
sure, p, if Poiseuilie’s law is applicable. 

Putting V' for the volume of water between both marks in the 
calibrated capillary we may write instead of V in (7) 

V— — , and therefore K — . (8) 

t ]> ■ t ’ 

Using our values of V' — 0*491 cc and of p. t — 575*8 (mean value 
from Table 1), the pressure being expressed in absolute units, and 
putting r] H0 = 0*01 grjcm sec. we obtain 


0*491.0*01 
57*58.981.1355 


6-4U.10- 


With our membrane of thickness Z — 0*3 S cm Ijq was found by 
means of nj 10 Kfl to be 0*215 cm~\ and therefore qfl = 4*642, so that 

r = 1'8'X6*41 5 . 10-^X0W = 0*00010 5 cm = 1*0 3 a 

and 


4*642-. 0*31 
8 X 3*142 X 641-. 


- 4*14 * 10” 


The electrokinetic properties of the ceramic diaphragm thus 
characterized were then determined first in presence of redistilled 
water (the mean specific conductivity of which was 2*5.t0~ 6 £>“ 1 .cm-* 1 ), 
then in presence of dilute solutions of potassium chloride prepared 
by diluting a standard decinormal solution with the redistilled water, 
their concentrations being given in the first column of Table 3. 
Before quantitative measurements were made we determined the sign 
of the electrokinetic potential on the interface considered as negative, 
because the calomel electrode connected by means of an agar-agar 
bridge behind the diaphragm (in the direction of the stream) acquires 
a positive charge when the liquid is flowing, which is in complete 
accord with Coehn’s 15 ) rule. . 

According to equation (3) the streaming potential, H, is for a given 
system diaphragm-liquid a function of the hydrostatic excess pressure 
p only, being directly proportional to it. The quantity Hjp should 


’") A. Coehn: Ann. Physik 1898, 64, 217. 
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thus remain constant at different values of p. Contrary to this, how¬ 
ever, Kruyt and van der W illigen, 16 ) as well as Lachs and 
Biczyk 17 ) found with potassium chloride solutions pressed through 
capillaries of Jena , glass that the quantity E/p falls with increasing 
pressure, whereas Ettisch and Zwanzig 18 ) found an increase of 
streaming potentials with increasing pressure, when driving 10~"’-normal 
solutions of sodium chloride in mixtures of water and alcohols through 
glass capillaries. However, H. B. Bull and R. A- Gortner 19 ) found 
recently that the streaming potential measured on the boundary of 
a cellulose diaphragm and a 1.10~ 4 -normal solution of sodium 
chloride is directly proportional to the excess pressure used, in 
accordance with Helmholtz’s theory. Schonfeldt 20 ) made similar 
measurements on a ceramic diaphragm using the electro-osmotic 
method. According to equation (2) the quantity nji (corresponding to 
H/p) should be constant for different values of current i. Schonfeldt 
finds, however, that it increases with the current. On the contrary, 
the results of Velisek and Vasicek 21 ) on a kaolin diaphragm 
with water and solutions of potassium chloride are in agreement 
with Helmholtz’s theory. These conflicting statements, contradicting 
partly also Helmholtz’s theory, induced us to determine experi¬ 
mentally for our diaphragm the dependence of the streaming potential 
on the excess pressure, this being necessary also for calculating the 
eiectrokinetic potential on the boundary considered. The measure¬ 
ments 22 ) were made between excess pressures 0’83 and 8 43 cms of 
mercury (thus in a region where Poiseuille’s law is valid) in presence 
of water as well as of potassium chloride solutions. The streaming 
potential found for the interfaces considered and recalculated for 
a pressure of 1 cm of mercury remained constant (within ± 2%) at 
different pressures. The straight line representing the dependence of 
H on p points to the origin of the coordinates, and thus p — 0, 
when H — 0. If the liquid is in rest, the calomel electrodes connected 
against each other show no potential difference; when the electrodes 
are carefully prepared the results of our measurements are not disturbed 
by polarisation of the electrodes. 

16 ) H. R. Kruyt and P. C. van der W illigen: Kolloid-Z. 1928, 45, 307. 

”) H. Lachs and J. Biczyk: Z. physikal. Chem. (A) 1930, 148, 441. 

lR ) G. Ettisch and A. Zwanzig: Ibid. 147, 151. 
r 1S ) H. B. Bull and R. A. Gortner : J. Physical Chem. 1931, 35, 309. 

iu ) N. Schonfeldt: IPrss. Veroff. Siemens-Kpnz. 1929, 8, II., 97. 

* l ) j; Velisek and A. Vasicek: Sbornik Ceske vys. Skoly techti. v Brni 1930, 
Vol. 5, Paper 19. ■ ' ’ 

: Tables and graphical representation see Sbornik, 1. c. 
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We are thus entitled to calculate from our measured values of 
the streaming potential the electrokinetic potential; on the boundary 
considered according to equation ( 3 ), from which 


li 

s — —-. y- 
P 


4 7 t )] 
I) • 


m 


The results of our measurements concerning the boundary: dia¬ 
phragm-water are summarized in Table 2; as to the boundary: 
diaphragm — potassium chloride solutions of concentration e in Table 3. 


Table 2 . 


The electrokinetic potential on the boundary: diaphragm-water. 




JL 

P 

. x. 105-9 

. 10« 

millivolts. 



Diaphragm 

No. 

l > 

H 

H 

l> 

[f] 

[f 

•j .*.10' 



0-83 

51*7 

62-3 





5 

1-59 

3-30 

96*3 

207*4 

60-6 

62-8 

62-2 

4-77 

296 

31-3 


4-28 

269*8 

63-0 






2-88 

218*3 

75-8 





7 

4-41 

332*4 

75-4 

75*1. 

4-13 

310 

32*8 


•5-30 

392*0 

74-0 






1*76 

82-2 

46-7 





8 

2*80 

3*64 

132*6 

169-6 

47-4 

46-6 

47-1 

5-84 

275 

29*1 


4*00 

1906 

47-7 


Mean value: 

294 

31-1 


The quantity x in both tables is the specific conductance of the 
liquid increased by electrokinetic phenomena within the capillaries 
of the diaphragm. For this reason it was measured simultaneously 
with the streaming potentials, beginning always with redistilled water 
and passing then to potassium chloride solutions of increasing con¬ 
centration. Only after having finished these .measurements at the 
highest concentration (1.10 -2 -normal KOI) the resistance capacity of 
the system: diaphragm + liquid was measured. As the calibrating 
electrolyte a OT-normal solution of potassium chloride was used. That 
it reduces the value of the surface conductivity to zero was ascertained 
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in the following manner: We measured in ordinary conductivity vessels 
also the specific conductivity of the liquid (redistilled water as well 
as potassium chloride solutions) “in bulk”, (see the fifth column 

of Table 3). Following the dependence of the ratio —— (the seventh 

column of the same table) on the concentration of potassium chlo¬ 
ride we found that for the 0'1-normal solution of potassium chloride 
the numerical value of this ratio differs from unity only within the 
limits of experimental error: the solution of the given concentration 
can thus be used as calibrating electrolyte. (Table 3 see p. 572.) 

As to the constants in Helmholtz’s equation we used the values 
D Hj0 — 80 ^ and t] HA2a , = 0'01004/ 4 ) = O'Ol grjcm. seg. However, the 
strong electric field influences according to Herweg 25 ) the value 
of the dielectric constant, but we know practically nothing about the 
strength of this electric field in the interface, because the thickness 
of the electric double layer is not known. 26 ) If it is diffuse, as Gouye 27 ) 
supposes, its thickness is probably such that the potential difference 
between both its layers does not cause a field capable of reducing 
appreciably the value of the dielectric constant of water. It is also 
doubtful, whether the viscosity of the liquid in the electric double 
layer is the same as that of the liquid in bulk. 28 ) The dielectric con¬ 
stant of potassium chloride solutions in about our concentration range 
was measured by Pechhold 29 ) using Furth’s 86 )method. The maxi¬ 
mal deviations from J) u n are about 2-5%, and thus we put the di¬ 
electric constant of potassium chloride solutions equal to that of water, 
also because the concentration of the solution in the surface of the 
solid phase to which the dielectric constant refers is different from 
that in the bulk of the solution and really unknown. The viscosity 
of the potassium chloride solutions was also put equal to that of 
water. Expressing H of equation (9) in millivolts and the other quan¬ 
tities in absolute units we calculated the electrokinetic potential for 
the boundary : diaphragm-water (Table 2), as well as for the bound- 

aJ ) See e. g. the report of O. BI it h: PhfsikaL Z. 1926, 27. 226. 
al ) Landolt-Bornstein: I. Erganzungsband 1927, p. 83. 
r ’) J. Herweg: Z. Physik. 1920, 3, 36. 

• a9 ) See H. Freundlich: Kapillarchemie, \. Band p. 360; H. Reichardt: 
,Z. physikal. Ckem. (A) 193 i, 154, 337 and J. W. Me Bain and R. DuBois: 
Z. ElMrecbem. 1931, 37, 651. 

27 ) A. Gouy: J. de Physique 1910, (4), 9, 457. 

as ) SeeTi. Reichardt: I. c, 

as ) R.Pechhold: Ann. Physik. 1927, (4), 83, 427. 

R. Ffirth: Z. Physik 1927, 44, 256. 



The electrokinetic potential £ on the boundary: diaphragm-solutions of potassium chloride. 
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ary: diaphragm solution of potassium chloride (Table 3) from the 
equation 

C . x . 105*9.10 s millivolts. (10) 

For three different specimens of the ceramic diaphragm P 26l> 
we found with redistilled water £ —— 31‘3, —32‘8 and — 29-1 mil¬ 
livolts respectively. It is interesting that the smallest value refers to 
the system with the highest specific conductivity, and vice versa. 
The same was already pointed out by H. Lachs and J. B ic zyk. 81 ) 
The electrokinetic potential falls continuously with increasing con¬ 
centration (see Table 3), because the value of streaming potential 
falls rapidly too. With a T10 -2 -normal solution its value is —5'7 
millivolts being on the verge of experimental error. (The streaming 
potential is at this concentration and a pressure of 1318 cms of 
mercury even only 0-57 millivolt.) Measurements with solutions of 
higher concentration were not possible. The rapid increase of the 
electrokinetic potential begins at about l‘10 _8 -normal concentration 

and is most considerable at greatest dilutions. As the ratio—— 

y*c 

begins to increase rapidly at about the same concentration of potas¬ 
sium chloride, it is apparent that the higher conductivity of the po- 
tasium chloride solutions in the capillary spaces of our ceramic dia¬ 
phragm found by us is actually caused by electrokinetic phenomena 
coming into play more pronouncedly only at the low concentration 
mentioned. The curve representing the dependence of the electro¬ 
kinetic potential on the concentration of potassium chloride solutions 
has no maximum in the investigated range of concentration arid is 
' clearly different from a linear one. 

As far as we know no measurements of electrokinetic potential 
were made as yet on a ceramic diaphragm by the method of stream¬ 
ing potentials; however, £ was measured recently electro-osmoti-’ 
cally by Schonf el dt, 82 ) working with a ceramic diaphragm P 10 of 
the Berlin Porcelain Manufactury containing according to the manu¬ 
facturer 53% Si0. 2 and 46% AhO s . Because his and our diaphragms 
are chemically not much different, our values of £ can be compared 
directly with his values as far as they refer to the same concentration 
of potassium chloride. (Schonf eldt’s solutions contained 0 ; 1 to 1% 0 
of the electrolyte). 

ai ) H. Lacks and J. Biczyk; l. c. ' 

31 ) N, SchSnfeldt: Z. Elektrochem. 1931, 37, 734. 
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Schdnfeidt’s curve of dependence of £ on concentration has 
substantially the same course as our curve having with all electro¬ 
lytes investigated no maximum in the studied concentration range, 
and especially for potassium chloride solutions it differs markedly 
from a straight line. Considering the hydrodynamic properties of 
both diaphragms we can compare Schonfeldt’s and our values 
of £ even quantitatively. According to Prausnitz 83 ) the diameter 
of pores of the diaphragma P 10 is 1*2 //. Because our diaphragm 
has pores of nearly double this size, our value of £ should be con¬ 
siderably lower according to Iilig and Schonfeldt. 34 ) This is 
actually the case in the whole range of concentrations of potassium 
chloride, where the measurements can be directly compared. E. g., 
for a solution containing Q-\°j w KCl (about 1*3.10 _s -normal) Schon¬ 
feldt found £== — 32*7 millivolts, whereas an interpolation of our 
values from Table 3 gives about —15 millivolts. 

Having tested our apparatus on a ceramic diaphragma we proceed¬ 
ed to measure the electrokinetic properties of a parchment paper 
membrane. The paper used has a thickness of about 0*10 to 0*12 nuns 
and a low ash content; before use it was leached out with distilled 
water for several days. Because it is, at low excess pressures, practi¬ 
cally impermeable to water, and at high excess pressures the stream¬ 
ing of liquid through the membrane ceases to be laminar, we had 
to prepare the membrane mechanically in order that it might be per¬ 
meable to water also at lower hydrostatic excess pressures. At first 
we applied therefore to the parchment paper a procedure used by 
Briggs 85 ) in measuring the electrokinetic potential £ on a cellulose 
diaphragm by the method of streaming potentials. To this end we 
altered his apparatus using reversible calomel electrodes, in order 
to avoid the galvanic polarization of metallic electrodes, and prepared 
the parchment membrane for the final measurements in the following 
manner: 15 to 30 circular pieces of parchment paper perforated finely 
by a bundle of narrow needles were put on each other, placed bet¬ 
ween two perforated platinum electrodes for measuring the specific 
conductivity of the system, and the whole was cemented between 
flanges of the glass apparatus for measuring the streaming potentials. 
Through the membrane thus prepared redistilled water was sucked 
by means of a water vacuum pump mainly to remove air bubbles 

M ) P. H. Prausnitz and J. Reitstotter: Elektrophorese, Elektroosmose, 
Elektrodiatyse in Flussigkeiten, p. 84; Dresden and Leipzig* 1931. 

K. Iilig and N. Schonfeldt: i. c. ' 

3 ’) D. R. Briggs:/. Physical Chem. 1928, 32, 641, 1646. 
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which would otherwise remain between the separate circles of parch¬ 
ment paper. 

To measure the streaming potentials redistilled water was pressed 
through the parchment membrane under an excess pressure of 1 to 
20 cms of mercury. The velocity of flow of water was found always 
lower with this membrane than with the ceramic diaphragm at equal 
pressures, falling besides this with time. Similar observations on 
a parchment membrane are mentioned already by Bigelow 88 ) who 
comes to the conclusion, important to us, that Po iseuil le’s law is 
valid for the flow of a liquid through a parchment membrane despite 
of the fact, that from all investigated diaphragms the parchment mem¬ 
brane showed in this respect the greatest irregularities. Hydrodynami- 
cally the parchment membrane complies thus with Helmholtz’s sup¬ 
position and it is therefore possible to calculate its electrokinetic potential 
from the measured streaming potential according to equation (9). 

However, in measuring the streaming potentials on the parchment 
membrane we came to a striking result. Though the redistilled water 
was driven through the diaphragm under different excess pressures, 
the calomel electrodes showed, when connected against each other, 
no potential difference which would be a function of the hydrostatic 
excess pressure. Because this cannot be due to a defect of the ex¬ 
perimental arrangement, tested before in investigating the ceramic 
diaphragm, it must be logically concluded that the streaming po¬ 
tential and thus also the electrokinetic potential on a parchment 
membrane .has extremely low values:'') Under given conditions a po¬ 
tential difference of 0 - 2 6 millivolts could be ascertained with the 
binant electrometer. The streaming potential measured on the bound¬ 
ary parchment paper — redistilled water corresponding to the maximal 
excess pressure of 20 cms of mercury must be thus lower than 0 - 2 5 
millivolts. Because in the given instance the system: membrane 4- 
redistilled water had a specific conductivity x = T57.10~ 4 &~ l . cm" 1 , 88 ) 

it follows from equation (10), that £ < T57‘10 -4 .105 - 9.10 s < 

0i 6 millivolts. 

3e ) S. L. Bigelow: J. Amer. Chem. Soc. 1907, 27, 1675. 

3 ’) See also G. H. Bishop, F. Urban and H. L. White:/. Physical. Chem. 
1931, 35, 137. 

*?) All systems investigated (parchment membrane-redistilled water) showed 
throughout somewhat high values of specific conductivity. This can be explained 
by parchment paper having conductivity of its own. See F. F ai rbr other: /. Chem- 
Soc. 1924, 125, 2495 ; also H. Remy: Z. physikal. Chem. 1925, 7/8, 161. - 



In other words, the electrokinetic potential measured on the de¬ 
scribed parchment membrane by the method of streaming potentials is 
lower than 0‘2 millivolts. This is an extremely low value, and the 
parchment paper may be thus considered as a “neutral” diaphragm 
which does not acquire a noticeable charge in contact with a liquid 
phase and has therefore no marked electrokinetic properties. Be¬ 
cause it may be expected from theory as well as from experimental 
results on other diaphragms and capillaries, that the electrokinetic 
potential of the parchment membrane will fall still more with increas¬ 
ing concentration of the electrolyte, we confined our experiments 
on the parchment membrane only to those with redistilled water. 
To increase the sensitivity of the electrometer still further in measur¬ 
ing the electrokinetic potential is of no consequence, because the calomel 
electrodes can be reproduced only within 0-2 millivolt, a potential 
difference which could be readily ascertained with our arrangement. 

The electrokinetic properties of a parchment membrane were 
investigated, as far as we know only by Barrat and Harris 1 ®) 
and by Re my 40 ). The first two authors studied electro-osmosis on 
gelatin, agar-agar and parchment membranes in dependence on 
concentration of different electrolytes (c = OOOl-n. to Oi-n.). They 
followed the volume changes caused around the electrodes by current 
flowing through the named diaphragms and found that the observ¬ 
ed volume changes were much smaller with parchment paper than 
with other diaphragms, increasing with increasing concentration 
of the electrolyte. Remy is aware already that the volume changes 
observed around the electrodes (d v) in electrolyzing solutions of 
electrolytes (1 F of electricity passing through the solution) in presence 
of the diaphragms investigated are caused by electro-osmosis accord¬ 
ing to equation (1), as well as by electrolytic transport. He deter¬ 
mines thus experimentally the quantity -^rr, which multiplied by the 
specific conductivity of the considered system: diaphragm + liquid 
gives the quantity . x. This quantity must be proportional to 

the electrokinetic potential on the considered boundary in the 
instance, where the observed volume change Jv is caused by 
electro-osmosis. This is, however, not so in the instance of the 
parchment membrane, as Remy himself ascertains, because the 
numerical value of the quantity considered does not fall, but increases 

J. O. W. Barrat and A. B. Harris: Z. Eleklrochem. 1912, 18, 221. 

15 ) See e. g. his monograph in Fortschrifte d. Chemie, Physik u. phys. Chem. 
1927, Band 19, Heft 2. 



with increasing concentration of the electrolyte. The electrokinetic potenti¬ 
al of the parchment membrane should increase according to this with 
increasing concentration of the electrolyte, which is in direct contradic¬ 
tion with what is known on electro-osmosis. Thus the volume 
changes observed by Remy around the electrodes in the instance 
of the parchment membrane and dilute solutions of electrolytes are 
not caused solely by electro-osmosis. Remy, however, gives the 

quantity . * of the diaphragms investigated also for pure water. 

Whereas, e. g., in the instance of Zsigm ondy’s membrane (which is 
typically electro-osmotical) he found for the quantity considered the 
value 23*74, the value for parchment membrane was 0*090. Because 
in the instance of pure water we cannot speak of its electrolytic 
transport, it is probable that the volume changes around the electrodes 
are caused only by electro-osmosis, and that thus the corresponding 

quantities . x are directly proportional to the electrokinetic potential 

of the boundaries considered. The electrokinetic potential of a parch¬ 
ment membrane should thus have a low value. We do not forget 
thereby that Remy, as well as Barrat and Harris, used the 
electro-osmotic method which, in distinction from the method of 
streaming potentials, does not give accurate results with water or 
with very dilute solutions of electrolytes, and the results of which 
with more concentrated solutions of electrolytes are troubled by the 
electrolytic transference. _ 

It follows from our investigation that parchment paper as a neutral 
diaphragm does not acquire an appreciable electric charge even in 
contact with pure water, and therefore does.not show any marked 
electrokinetic properties, e. g. a noticeable electro-osmotic transport 
This is an important result, for according to this statement Babo- 
rovsk^’s method of determining the hydration of ions in a water 
solution of an electrolyte, by using in its electrolysis a parchment 
paper membrane for separating the catholyte from the anolyte, 
gives for the hydration of ions numerical values which need not to 
be corrected with respect to electro-osmosis at any concentration 
of the electrolyte which may come practically into consideration. 

Received November, 1931. Institute of theoretical and physical 

chemistry, Ceskd vysokd skola technickd, 
Brno., 



SUR les bis-/?-halogeno£thyl-amines 

par V. PRELOG, G. DRIZA et V. HANOUSEK. 


Les bis-^-halogenoethyl-amines sont des corps relativement peu 
etudies. Le seul derive connu de cette serie est la bis-/S-bromo£thyl- 
amine preparee sous forme de son bromhydrate par Gabriel et 
Eschenbach k partir de la bis-^-phenoxyethyl-amine. 1 ) 

Ces corps nous ayant interesse comme matiere premiere pour 
1’obtention des derives substitues de la piperidine, nous avons prepare 
avec un bon rendement d’une part la bis-/}-bromo£thyI-arnine dSjit 
connue, d’autre part, la nouvelle bis-^-chloroethyl-amine par action 
des acides halogenehydriques correspondants sur la bis-^-hydroxy- 
ethy 1-amine, corps devenu aisement accessible de nos jours. 

Apres avoir isol6 Pun et l’autre corps nous les avons caracteris6 
a Petat de leurs sels. Les bases libres ne sont pas stables, elles subissent 
des changements dont nous aurons bientot l’occasion de rendre compte. 

En supposant que les urees correspondantes sont plus stables ; 
que les bases libres nous avons tdche d’obtenir ces ur6es en faisant 
agir le cyanate de potassium sur les hydrohalog£nures correspondants. 
Ces reactions nous ont fourni de beaux corps cristallises qui cepen- 
dant ne constituaient pas les urees attendues mais des produits de 
leur transposition, et possedaient les caracteres des sels ammonium. 
Nous avons pu constater que ce sont des hydrohalog6nures de bases 
de. formule generate G 5 H 6 ON 2 Hh/. H Hlrj. ; 

Le comportement analogue du bromhydrate de /J-bromoethyl-amine, 
qui donne avec le cyanate de potassium le bromhydrate de 2-imincH 
oxazolidine, 2 ) nous fait conclure que nos produits possedent la constitu¬ 
tion d’hydrohalog£nures de 2-imino-3-/?-halogeno£thyl-oxazoIidines (I): 


CH-r-0 v jNH 
I )G^ 
OH* — N— 


GH 2 —H Hlfi 


CH 2 -S v . /.NH 

I 

GH,—W- - GH 2 —GH 2 .Hl(), HHIh 


II 
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Us se comportent de maniere singuliere vis-a-vis des hydroxydes 
alcalins en solution alcoolique, comma nous l’expliquerons en detail 
dans notre prochaine communication. Par contre, Us resistent a 
l’action des acides halogenehydriques concentres. 

De maniere analogue qu’avec le cyanaie de potassium les hydro¬ 
haiogenures de bis-/9-halogenoethyl-amine reagissent avec le rhoda- 
nure de potassium en fournissant des hydrohaiogenures de 2-imino- 
3-y?-halogenoethyl-thiazolidines (II). Toutefois, ces thiazolidines sont 
beaucoup moins basiques que les oxazolidines correspondantes. Leur 
hydrohaiogenures se dedoublent deja en solutions aqueuses ou alcoo- 
jiques pour donner la thiazolidine libre. 

Nous avions, de plus, Pintention de preparer des dihalog&io- 
diethylurees en passant par la bis-^-hydroxyethyl-uree. N’ayant pas 
reussi a obtenir cette derniere a 1’etat cristallise, nous avons toutefois 
renonce a etudier la question de plus pres. Nous avons toujours 
pu etablir que le produit amorphe etait constitue par la bis-/?-hydroxy- 
dthyl-uree, car il nous a ete possible de le transformer en un derive 
dibenzoyle tres facilement cristallisable. 

Partie exp^rimentale. 

Bis-|S-hydroxyethyl-amine. 

II a ete prepare d’une part en fractionnant la triethanolamine du 
commerce, d’autre part, d’apres Knorr, 8 ) par action d’oxyded’ethylene 
sur une solution aqueuse d’ammoniaque. 

On introduisait de l’oxyde d’ethylene gazeux, en refroidissant par 
un courant d’eau, dans 3 kg d’ammoniaque aqueuse (0-910) jusqu’a 
ce que le poids du melange reactionnel eflt augmente de 500 ^r. En 
operant, le jour suivant, la distillation fractionnee dans Ies.condib'ons 
signalees par Knorr, on a pu separer la mono-, bis- et tri-^-hydro- 
xyethyl-amine. On obtenait en moyenne 250 gr d’amine bis passant 
entre 167 et 169° sous 15 mm et donnant par solidification une masse 
blanche, cristallisee, de structure filamenteuse. 

Bis-/?-chIoro£thyl-amine. 

Chlorhydrate. — Dans 290 gr de bis-/?-hydroxy^thyl-amine dissous 
dans 750 gr d’acide chlorhydrique (cf= H9) on fait passer, en re¬ 
froidissant par un melange refrigerant, un courant de gaz chlorhy¬ 
drique jusqu’i ce que le poids du liquide reactionnel accuse une 
augmentation de 270 gr. Le produit est chauffe, en tubes scelles, 
. - ' ' ' ■ " 2 



d’abord une heure a 100 — 120°, puis deux heures a 180—200°. Le 
contenu des tubes est ensuite etendu par de I’eau, decolore par de 
la carboraffine et evapore, dans le vide, jusqu’a siccite. Le residu sec 
cristallise est dissous dans I’acetone chaude, et la solution filtree est 
abandonnee a la cristallisation. 11 se separe de belles aiguilles de chlor- 
hydrate de bis-/?-chloroethyl-amine brut avec un rendement de 65% 
environ du rendement theorique. Si les eaux meres sont de nouveau 
saturees de gaz chlorhydrique et chauffees en tubes scelles, on peut 
obtenir une nouvelle portion de produit. Par une recristallisation dans 
l’acetone il se laisse purifier completement et fond alors a 210° (non 
corr.). Pour 1’analyse il a ete seche a 110° dans le vide phosphorique. 

Analyse: 

Substance: 3‘835 mgr, 0 274 cc (24°, 740 mm). 

%7/ 10 iYC7 s (178-2): Calculi N 7'86°/ 0 . 

Trouve N 7-99%. 

Chloroplatinate. — Une solution concentree de chlorhydrate est 
additionnee d’acide chloroplatinique. Le produit cristallise en baguettes 
orangees, fondant, avec forte decomposition, a 224° (non corr.). 

Analyse: 

Substance: 14-280 mgr, Ft 4-025 mgr. 

C 8 H 20 NoCl 10 Pt (693-6): Calcule Ft 28-15%. 

Trouve Ft 28-18%. 

Picrate. — Lorsqu’une solution concentree de chlorhydrate est 
pr£cipitee par du picrate de sodium, on obtient un produit huileux 
se prenant bientot en des cristaux jaune d’or. Recristallise dans 1’alcool, 
le sel fond entre 111 et 112° (non corr.). 

Analyse: 

Substance: 5‘955 mgr, N 2 0784 cc (23-5°, 742‘5 mm). 

C\ 0 H l2 O^\CL (370-9): Calculi N 15-10%. 

Trouve N 14'81%. 

Bis-^-bromoethyl-amine. 

Bromhydrate. — On dissout 200 gr de bis-/?-hydroxy£thyl-amine 
dans 800 gr d’acide bromhydrique, et 1’on fait passer dans la solution 
refroidie 600 gr de gaz bromhydrique sec. Le liquide est chauffe 
en tubes scellds 2 heures de 100 k 120° puis 2 heures de 180 & 200°. 
Le melange r^actionnel, etendu d’eau et decolore a la carboraffine, 
est 6vapore a sec dans le vide. Le residu cristallin, recristallise dans 
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i’acetate d’ethyle, donne, avec un rendement de 65% environ, un 
produit fondant entre 202 et 204°. Une nouvelle saturation des eaux 
meres par du 'gaz bromhydrique etc. fournit une portion ulterieure 
de produit. 

Avant d’etre analyse, le corps a ete purifie par une cristallisation 
dans le chloroforme, et seche dans le vide sulfurique. 

Analyse: 

Substance: 16*481 mgr, N z 0617 cc (20”, 740-5 mm). 

(311*7): Calcule N 4*49%. 

Trouve N 4*25%. 

Picrate. — On l’obtient par le picrate de sodium. Recristallise 
dans l’alcool, il fond a 127° (Gabriel indique 128°). 

2-Imino-3-/t-chloroethyl-oxazolidine. 

Chlorhydrate. —- 104 gr de chlorbydrate de bis-jS-chioro&hyl dans 
250 cc d’alcool sont additionnes h chaud d’une solution concentree de 
48 gr de cyanate de potassium, puis chauffes a reflux, pendant 
1 heure, au bain-marie. Apres refroidissement, le chlorure alcalin est 
separ6 par essorage et lav6 a I’alcool. 

Le filtrat est gvapore & sec au bain-marie, le residu sec cristallis£ 
est repris par 200 cc d’alcool absolu bouillant et filtre de nouveau. Re- 
froidie, la solution depose de menus cristaux durs, fondant a 152°. 

Des eaux meres on peut extraire une portion ulterieure de pro¬ 
duit. Le rendement total en corps pur £tait de 69 gr (64% du ren¬ 
dement calcule). 

Analyse du corps seche a 56° dans le vide phosphorique: 

Substance : 6‘265 mgr, N z 0*862 cc (25°, 736 mm). 

(184*9): CalcuM N 15*14%. 

Trouve N 15*26%. 

Chloroaurate. — Le melange d’une solution concentree de chlor¬ 
hydrate avec de l’acide chloroaurique separe une huile qui ne tarde 
pas ^ se prendre en cristaux. Recristallise dans l’eau chaude, le sel 
fond entre 101 et 102°. 

Analyse (du sel s£che sur H z SO ^): 

Substance: 9*694 mgr, Au 3*915 mgr. 

(J 5 H w 0N z C\Au (488*5): Calcule An 40*37%. 

: ; , TrouvS Au 40*39%. 

2* 
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Chloroplatinate. — Ce sel, assez soluble dans I’eau, se separe 
& I’etat de beaux cristaux oranges, fusibles k 178—179° (non corn). 

Analyse (apres dessiccation dans le vide sulfurique): 

Substance: 9784 mgr, Pt 2677 mgr. 

C w H 2(t 0 2 NiOl 8 Pt (706-8): Calcuie Pt 275%. 

Trouve Pt 27*4%. 

Picrate. — On precipite par le picrate de sodium une solution 
concentree de chlorhydrate. L’huile deposee devient bientSt solide. 
. Le produit fond entre 129—130° (non corr.) apres recristallisation 
dans 1’alcool. 

Analyse (apres dessiccation a 56° dans le vide phosphorique): 

Substance: 6-459 mgr, N 2 1-033 cc (16°, 743 mm). 

0-2086 gr, AgCl 0-0780 gr. 

C 10 H 12 0 8 N 5 CI (377-4): Calcuie F 1855%, Gl 9-39%. 

Trouve F 1847%, Gl 9-25%. 

2-lmino-3-/S-bromoethyl-oxazoIidine. 

Bromhydrate. — Preparation analogue a celle du chlorhydrate de 
2-imino-3-/?-chloroethyl-oxazo!idine. A partir de 208 gr de bromhydrate 
de bis-^-bromoethyi-amine le rendement en produit a point de fusion 
constant de 161° (non corr.) etait de 115 ^r. 

Analyse (du produit seche a 56° dans le vide phosphorique): 

Substance: 8-340 mgr, F 2 0-769 cc (20°, 734 mm), 

0"1340 gr, AgBr O'1835 gr. 

C 5 H 10 OF 2 Br 2 (273-8): Calcuie F 10-23%, Br 58-38%. 

Trouve F 1057%, Br 58-28%. 

Picrate. — On l’obtient par precipitation au moyen du picrate 
de sodium. Recristallise dans l’alcool, le sel accuse le point de fusion 
constant de 120°. 

Analyse (du produit seche & 50° dans le vide phosphorique): 

Substance: 8-609 mgr, F 2 T225 cc (18°, 736 mm), 

0-2283 gr, AgBr 0'1020 gr. 

G 11 H lz 0 & F $ Br (421-9): Calcuie F 165%, Br 18-95%. 

Trouve F 16-17%, Br 19-01%. 

2-Imino-3-yS-ch loro ethyl-thiazoli dine. 

On ajoute une solution concentree de 9 7 gr de rhodanure de 
potassium a \7'8 gr de chlorhydrate de bis-/?-chloroethyl-amine dissous 
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dans 100 or d’alcool., et Ton chauffe 1 heure environ an bain-marie. 
Apres refroidissement, le chiorure de potassium est ecart£ par essorage, 
le filtrat est 6vapor6 a consistance sirupeuse puis precipite par de 
l'alcool. Le produit cristallis6 est purifie par line nouvelle cristallisation 
dans l’eau chaude. II fond entre 188 et 189° (non corr.), 

D’apres i’analyse, c’est la 2-imino-/?-chloro6thyl-thiazolidine libre. 

Analyse (du corps sechd a 56° dans le vide phosphorique): 

Substance: 8 - 048 mgr, N» 1*220 cc (17*5°, 737 mm). 
CrJhN«m (164*5): Calcule N 17-02%. 

Trouve N 17*27%. 

Picrate. — Obtenu k partir de la thiazolidine et de I’acide picrique, 
puis recristallise 2 fois dans l’alcool absolu, le sel fond constamment 
entre 143 et 144° (non corr.). 

Analyse (du corps sechd a 56° dans le vide phosphorique): 

Substance: 5 512 mgr, N 2 0 - 872 cc (21°, 748 mm). 

G n H l 2 Or,N^S(Jl (393-5): Calcule N 17'80%. 

Trouve N 18*07%. 

2-Imino-3-/3-bromoethyl-thiazolidine. 

A 11*5 gr de bromhydrate de bis-^-bromoethyl-amine dissoute 
dans 50 cc d’alcool on ajoute une solution aqueuse concentre de 
3*7 gr de rhodanure de potassium. Le bromure alcalin s£par6 est 
6carte par essorage, le filtrat est concentrfi dans le vide. Au residu 
cristallin on ajoute 1 cc d’acide bromhydrique a 48%, on filtre de 
nouveau et on abandonne le liquide k la cristallisation. Les gros 
cristaux obtenus fondent k 148° (non corr.) et constituent, ainsi que 
le montre l’analyse, le bromhydrate de 2-imi no-3-/?-bromo£thyl-thia- 
zolidine. 

Analyse (apres dessiccation du sel a 56° dans le vide phosphorique): 

Substance: 7*955 mgr, 37 a 0-648 cc (22°, 740 mm). 

<7gffjoWiSBrs (289-9): Caicuie N 9*67%. 

Trouv6 379*18%. 

La cristallisation dans l’alcool a 80% fait passer le bromhydrate 
ll l’etat de base libre qui, cristallise dans l’alcool, fond a 207°. 

Analyse (apres dessiccation & 56° dans le vide phosphorique): 

Substance 8168^, 2V a 0*961 cc (17°, 743 mm), 
C 6 H d N 2 SBr( 208*9): Calcule N 13*42%. 

Trouv6 JV 13-54%. 
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Picrate. — On 1’obtient soit par neutralisation de la base libre, 
soit par double decomposition du bromhydrate avec le picrate de 
sodium. Recristailise dans Palcool, il fond entre 144 et 145° (non corn). 

Analyse (du sel seche a 56° dans le vide phosphorique): 

Substance: 8'466 mgr, N. : 1*166 cc (20°, 743 mm), 

0 4704 gr, BaS0 4 0-2497 gr. 

C ll H 12 0-X- o SBr (437-9): Calcule N 15-98%, 8 7-31%. 

Trouve N 15-69%, S 7-29%. 

Bis-/?-hydroxyethyl-uree asymetrique. 

Elle a ete preparee, a partir de la bis-/J-hydroxyethyl-amine, par 
le cyanate de potassium. Apres ecartement du sulfate alcalin par 
Palcool absolu, elle restait sous forme d’un sirop incristallisable. 

Derive dibenzoyle. — L’application du procede de benzoylation 
Schotten-Baumann donne un produit huileux qui, repris dans le 
benzene et seche par Na. 2 80 A , fait deposer des aiguilles blanches 
feuirees. Apres recristallisation dans le benzene, le corps pur pr£sente 
le point de fusion constant de 108° (non corn). 

Analyse: 

Substance: 0-1292 gr, (J0. 2 0-3023 gr, H. z 0 0-0622 gr, 

7-780 mgr, 2% 0-558 cc (22'5°, 739 mm). 

G 19 H. 20 O $ N 2 : Calcule G 64-05%, H 5-62%, N 7-87%. 

Trouve G 63-83%, II 5'36%, N 8-06%. 

Laboratoire de la maison 
lag. O. J. Driza Prague-Holesovice, 
Tchecoslovaqtiie. 
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SUR LES COMPOSES DE 0-QXYETHYLSULFONIUM 

par V. ETTEL ei A. KOHLIK. 


Les oxysulfures ft acquirent dans les annees dernieres de l’impor- 
tance comme produits d’hydrolyse des sulfur-es chlores correspondants 
dont quelques-uns (par exemple le sulfure de ft, /9'-dichlorodiEthyle 
et le sulfure de ft, /i'-dichlorodipropyle produisent des effets physio- 
logiques tres puissants: ils occasionnent, en effet, des inflammations, 
font venir des vEsicules a la peau et determinent, enfin, la necrose 
des tissus. 

Parmi les corps de ce genre le plus connu est le sulfure de 
ft, /i'-dichlorodiethyle. Le derive hydroxyle correspondant, le sulfure 
d’Ethyle ft, /J'-dihydroxylE (connu aussi sous le nom de thiodiglycol) 
peut etre prepare en hydrolysant le sulfure chlorE 

GIGR a. OIL . 8 ■ OH 2 . Cll.fJl, 


par exemple par Ebullition avec un grand exces d’eau. Par action 
d’acide chlorhydrique a lieu la transformation inverse du sulfure 
dihydroxyle en sulfure dichlore, la reaction est done reversible: 


llOGlh . (!H. Z> s , 2 lwl Cl . GH ,. GK Z> H , 2 JLQ 

HO GIL, . GIL/' r “ 01 . OH ,,. OHf ^ 2 


L’Etude dEtaiHee de la reaction montre que ni le remplacement de 
l’oxhydiyle par le chlore, ni Phydrolyse du sulfure chlorE ne s’accomplis- 
sent de maniere nette, mais que dans l’une et l’autre reactions il se 
forme des produits secondaires. Lors de Taction de Pacide chlorhydrique 
sur le sulfure de ft, /P-dioxydiethyle on obtient k c6tE du derive diclilore, 
suivant les conditions du travail, une quantite plus ou moins grande 
de composes plus complexes qui se rassembient dans le rEsidu de 
la distillation. Outre ces corps, insolubles dans Peau et se sEparant 
par consequent sous forme d’une huile lourde, la reaction four,nit 
une certaine proportion de produits solubles dans l’eau, passant dans 
la couche aqueuse renfermant l’oxysulfure EchappE a la reaction. 

, L’Etude de la reaction entre le sulfure ft, ^'-dioxydiEthyle et Pacide 
chlorhydrique nous amena k supposer qu’il se forme, de maniere 
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transitoire, des produiis d’addition du sulfure chlore et du sulfure 
hydroxyle echappe a la reaction principaie, et qui se transformed 
seulement par action ulterieure de 1’acide chlorhydrique en sulfure 
dichlore et produits complexes mentionnes ci-dessus. D’apres cela, 
le mecanisme rdactionnel serait done le suivant: 

II y aurait d’abord remplacemed d’un seul oxhydryle par le chlore: 


HOCH,. CH$ 
HOCH 2 . CR 2 




et le sulfure chloro-oxyethylique fixerait aussitot une molecule de 
sulfure dihydroxyie restant: 


HOCH a . GILa if, >'CH Z . OHMH = 
iroriL. CHS' a ^ ^ch 2 . ci-lci 

sOHt ■ CH 2 0H 

= gi—s(-ch 2 . ch 2 oii 

^CH. CHo . S. CH, . ClkOII 


L’action ulterieure de 1’acide chlorhydrique pourrait determiner 
une nouvelle substitution du chlore a l’oxhydryle et, en meme temps, 
la cloture de la chatne avec formation d’un cycle 1.4-dithianique: 


/ CH 2 . CH 2 OH 

Cl—S^-CH 2 . CHvCl — 

x GH 2 . GHz . S. GH 2 . CH 2 OH 

01 

HOCH 2 . CH,. S<93 ■ ( ^,fy>S. OHo. CHOU 


' CH *. CH, 


Cl 


Ces reactions presupposed evidemment que la faculty d’addition 
de l’atome de soufre du sulfure de ft, ^'-dioxydiethyle n’ait subi aucune 
atteinte. Cette supposition, nous avons pu la verifier par la preparation 
de produits additionnels du dit sulfure avec l’iodure d’dthyle, I’iod- 
hydrine d’ethylene, la chlorhydrine d’ethylene. Pendant que nous 
etions occupes de l’etude de ces produits d’addition, J. S. K. Davies 
et- A. E. Oxford 1 ) publierent leur travail relatif a 1’action de l’eau et 
de la potasse alcoolique sur le sulfure de ft, /S'-dichlorodiethyle, dans 
lequel ils arrived par l’etude de l’hydrolyse, done par la voie inverse, 
aux m£mes conclusions que nous. Ils parvinrent isoler de leurs 
produits d’hydrolyse les composes additionnels du sulfure de ft, ft’-di- 
oxydiethyle, et, entre autres, mSme le derive du 1.4-dithiane, Outre 
cela, ils preparerent certains produits d’addition mSme par voie directe, 
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comme par exemple les combinaisons du suifure dihydroxyle avec 
la chlorhydrine d’&hylene et le suifure de dichlorodMthyle. 

Ces faits confirment l’hypothese £mise plus haut que dans Taction 
de l’acide chlorhydrique sur le suifure de ft ft-dioxydi6thyle il se forme 
transitoirement des produits additionnels qui passent a l’etat de suifure 
dichlorS seulement par action ultSrieure de Tacide chlorhydriqUe. 

La communication des auteurs anglais a evidemment eu pour conse¬ 
quence de d£vier nos recherches dans une direction un peu differente. 
Nous avons, en effet, etendu Tetude des produits d’addition au suifure de 
diethyle et au suifure de ftoxydiethyle, en preparant d’abord les derives 
hydroxyies suivants: 

/GIL . GH S 

I-Sr-CHz . C1I S iodure de ftoxytriethylsulfonium 

. CM,OH 

QJJ ^ Ql£ 

I—S—Ollz. GH 2 OH iodure de ft ft-dioxytriethylsulfonium 
' S 'CH». CH 2 0H 

/GH 2 . ch 2 oh 

I—Sl—CHo . GH 2 0H iodure de ft ft, ft'-trioxyethyisulfonium 
^GH 2 . GH 2 0H 

et, plus tard, encore les chlorures et les bromures correspondants. 

Ces combinaisons constituent presque toutes de beaux corps 
cristallises, aisement solubles dans l’eau, ressemblant — & la moindre 
stabilite pres — aux composes de triethylsulfonium. Leur peu de 
stabilite explique pourquoi les essais de remplacer dans les composes 
oxyethylsulfonium Toxhydryle par le chlore se heurtent k des difficulty. 
La voie directe, c’est-a-dire la fixation des halogenures d’alcoyle sur 
le suifure de dichlorodiethyle, ne conduit pas au but, parce que le 
chlore, etant 61ectron£gatif, rabaisse la nature basique de Tatome de 
soufre et son aptitude a fixer les halogenures d’alcoyle. 

Chez le chlorure de ft ft, ft'-trioxytri6thylsulfonium nous avons 
reussi, k l’aide du chlorure de thionyle, k substituer le chlore i tous 
les trois oxhydryles: 

, HOGH 2 . CH 2 \ 

2 H0CH 2 . CH 2 -)S—Gl + 3 SOCI 2 = 

HOGH 2 . CHy 

CIGH 2 .GHz, 

= 2 GIGH 2 . CH 2 ~)S—Gl + 3S0 2 + 6 HOI 

; oiq%. am/ 

et preparer ainsi le chlorure de ft ft, ft'-trichlorotriethylsulfonium 
k Mat pur. 
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Ce corps n’est pas sans interet; en effet, il ne presente pas les 
propriety vesicatoires du sulfure de ft/3'-dichIorodiethy!e dont il derive, 
Meme ses solutions concentres sont sans effet sur la peau. 

La toxicite du sulfure de ft ft-dichlorodiethyle est ramen^e par 
Marshall") au fait que le corps, etant ires soluble dans les solvants 
organiques et tres peu dans l’eau, traverse aisfiment la couche des 
lipoTdes pour penetrer dans la cellule ou il subit l’hydrolyse et d&ruit 
le protopiasme par 1’acide chlorhydrique forme. Le chlorure de 
ft ft, ft'-trichlorofriethylsutfonium, par centre, ytant — h 1’etat de son 
sel sulfonium — facilement soluble dans 1’eau mais insoluble dans 
Tether, le benzene et les solvants similaires, son innocuity se laisserait 
expliquer, au moins en partie, par son insolubility dans la couche 
des lipoTdes. 

Il semble toutefois que I’energique action physiologique du sulfure 
de ft ft-dichlorodiythyle soit en rapport direct avec la valence du soufre 
de la molecule et que le passage du soufre bivalent en tetravalent 
suffise a lui seul pour rabaisser la toxicity. La frappante innocuite de 
la sulfone ft ft-dichlorodiethylique 01 GH 2 . OIL . S0 2 . GH a . GIL , Ol 
parlerait en faveur de cette maniere de voir. 

Partie expyrimentale. 

Le sulfure d’ethyle necessaire pour nos essais a yte prepary en 
faisant agir Tethylsulfate de sodium sur une solution alcoolique de 
sulfure de sodium, puis rectifie par distillation. 

Pour obtenir le sulfure d’ethyl-ftoxyythyle (sulfure de y?-oxydiythyle) 
nous nous sommes servi du procede de R. Demuth et V. Weyer 8 ) 
en mettant en faction la chlorhydrine de glycol et une solution 
d’ythylmercaptan dans la potasse alcoolique. Le produit a yty purifie 
par distillation sous pression ordinaire (p. d’€b. 184°). — Sur ce pro¬ 
duit nous avons ytabli les constantes nouvelles que void: Refrdidi 
a — 100°, le corps se solidifie en une masse amorphe (le point de fusion 
n’a pu etre determine). Density ]jf = 1 - 0166 , Nf. ~- 1*48372, N™ - 
= 1-48669, 1-49939. 

Le sulfure de ft yS'-dioxydiethyle (thiodiglycol) a yty prepary d’apres 
M. Gomberg par action de la chlorhydrine de glycol sur une solu¬ 
tion aqueuse de sulfure de sodium. Apres concentration, le sel 
matin forme a yte elimine par prycipitation a Talcool. Le produit brut 
a d’abord ety privy des impuretes volatiles (qui lui conferent une 
odeur desagreable) par uni courant d’air dans le vide, puis rectifie 
par deux distillations dans le vide avancy dont la premiere a yty 
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operee en presence d’une petite toile d’argent servant a retenir les 
traces restantes d’impuretes sulfur£es. 

A l'etat pur, le sulfure de ft, /T-dioxydiethyle forme un liquide in¬ 
colore, tout-&-fait inodore; il se solidifie a —16° en donnant des 
cristaux, il bout h 104° sous 0005 mm de mercure. 

Densite 1-1810, 2$ = 1 * 51710 , N™ 1-52031, N™ = 1-52842 
(toutes ces mesures sont nouvelles). 

Preparation des composes oxysulfonium. 

Autant que le permettait la solubilite des composants on operait 
en milieu aqueux. L’oxysulfure etait chauffd pendant 15—20 heures 
au bain-marie avec un exces d’halogenure d’alcoyle eventuellement 
d’halogenehydrine. Apres concentration dans le vide, le liquide reac¬ 
tion nel etait abandonne a la cristallisation. Le produit d’addition s6pare 
etait purifie par cristallisation dans l’alcool dilu£. Si Ton operait sans 
eau, les rendements etaient regulierement plus bas, dans certains cas 
meme on n’obtenait pas de cristaux du tout. 

ChIorure de /1-oxytri ethylsulfonium 

ffOCVAx 

c 2 h~,;s-(H 

<hn/ 

Le produit d’addition est en aiguilles fortement hygroscopiques 
a point de fusion (ou de decomposition) peu net. 

En raison de 1’insolubilite du sulfure de didthyle dans l’eau on 
a du le faire agir sur la chlorhydrine en milieu d’alcool dilud, ce qui 
a rabaisse le rendement. 

Analyse: Calcule pour C e H lf ,OSOl 67 20-77%, S 18-78%. 

Trouv6 6720-26%, -S'17*95%. 

Bromure de /J-oxytri6thylsulf onium 

CJJrAS-Br 

%/// 

On l’obtient, de meme maniere que le corps precedent, a partir 
du sulfure d’dthyle et la bromhydrine de glycol, ou mieux en fixant 
le bromure d’£thyle sur le sulfure d’ethyl-/9-oxyethyle. Aiguilles for¬ 
tement hygroscopiques it point de fusion peu net. 

• Analyse: Calculi pour C,H u 0SBr Br 37*15%, 514*90%. 

Trouvd Br 36-85%, £15-20%. 
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Iodure de /J-oxyiriethyIsulfonium 
HOCtlli \ 

c. 2 hAs-i 

cjr/ 

On fixe soit l’iodhydrine de glycol sur le sulfure d’ethyle, soit 
I’iodure d’ethyle sur le sulfure d’6thyl-/?-oxyethyle. Grosses aiguilles 
fondant a 97°. 

Analyse: Calculi pour <\E Xh OSl 1 48*42%, ,S'12-23°/ 0 . 

Trouv6 - 148-33%, >S' 12*86°/ 0 . 

Chlorure de /J./S'-dioxytriethylsulfonium 

hoc 2 hAs—oi 

hocjeA 

Obtenu par addition de la chlorhydrine de glycol sur le sulfure 
d’eihyl-^-oxyethyle; il forme des aiguilles hygroscopiques, fusibles 
& 119°. 

Analyse: Calcule pour OJi w O,SGl CT19-00%, 6'17-17%. 

Trouve Gl 18-40°/ 0 , £ 17-50°/ 0 . 

Bromure de dioxytriethylsulfonium 

H00 2 HAS-Br 

hoc 2 h/ 

On fait reagir la bromhydrine de glycol sur le sulfure d’ethyl-/?- 
oxy€thyle ou, plus commod6ment, le bromure d’ethyle sur le sulfure 
de yS, /?'-dioxydiethyle. Grosses aiguilles fusibles k 85°. 

Analyse: Calculi pour C^H^SBr Br 34-58%, £13*87%. 

Trouvg Br 34-11%, £14-06%. 

Iodure de ft, /J'-dioxytri6thylsulfonium 

hoc 2 hAs—i 

EO(\ll/ v . . 

Preparation analogue a celle du corps precedent mais en employ- 
ant soit 1’iodhydrine de glycol, soit l’iodure d?ethyle. 

Dans I’un et 1’autre cas on n’obtient que des sirops difficilement 
cristafllisables. Les cristaux sont fortement hygroscopiques et se d&om- 
posent si rapidement qu’une analyse n’a pas ete possible. 
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Chlorure de ft, ft', iS"-trioxy tri ethyls ulfonium 
(Hoan^-rCi. 

On combine le sulfure de ft, /S'-dioxydiethyle avec la chlorhydrine de 
giycol. Aiguilles blanches, non hygroscopiques, fusibles a 127°. 

Analyse: Calculi pour O 6 H u 0 s m Cl 17-50%, ^ 15*82%,. 

Trouve Cl 17-79%, H 15-86%. 

Brornure de /?,/?',/3"-trioxytriethyIsuIfonium 
(lIOCzH^S—Br. 

On remplace la chlorhydrine de I’essai precedent par la brom- 
hydrine correspondante. Cristaux durs, fusibles a 104°. 

Analyse: Calcule pour C\H ir ,0 n 8Br Br 3309%, 5'12*97%. 

Trouve Br 32-73%, S 12-86%. 

lodure de ft, ft', ^"-trioxytr iethylsulfoni um 
(H0(lJh) s 8—L 

On fixe l’iodhydrine de glycol sur le sulfure de ft, /?'-dioxydiethyle. 
Cristaux blancs, qui se d£composent a 65°. 

Analyse: Calculi pour (\H v ,O n S[ 143-15%, S'10-90%. 

Trouvd 142-96%, SI0-45%. 

Bases de^-oxyethyisuifonium libres. 

L’action de 1’oxyde d’argent humide sur les divers iodures d’oxy- 
sulfonium a fourni des solutions alcalines renfermant sans doute les 
bases sulfonium k l’dat libre (elle donnaient par neutralisation avec 
HCl les chlorures correspondants, etc.) Toutefois, ces solutions 
£taient tres peu stables: dies se dficomposaient mdne pendant la 
concentration & basse temperature dans le dessiccateur, de sorte qu’il 
a £t6 impossible d’isoler les bases sulfonium k l’dat solide. 

Composes de /J-chloroethylsulfonium. 

A la difference des sulfures d’6thyl-/?-oxyethy!e et de ft, yS'-dioxy- 
diethyle, chez lesquels on pent aisdnent remplacer roxhydryle par 
le chlore par simple action d’acide chlorhydrique, les composes du 
yS-oxydhylsulfonium se montrent stables vis-l-vis de cet acide. En 
effet, ni ^introduction de HCl dans une solution aqueuse du chlorure 
respectif, ni mfime l’action de gaz chlorhydrique sec sur les chlorures 
d’oxysulfonium aux temperatures elevees n’ont amen6 l’effet voulu. 



Lors de Paction du chlorure de thionyle sur les chlorures solide 
il y a substitution de chlore aux oxhydryles; chez les chlorures t 
/3-oxyfriethylsuIfonium et de ft, /J'-dioxytriethylsulfonium l’instabil 
extraordinaire du produit chlore rend impossible son isolement. 

Chlorure de /?,/t',^"-trichlorotriethylsulfonium 
(ClCoIIJsS—Cl. 

Dans un exces de chlorure de thionyle refroidi par de la glace 
on introduit lentement le chlorure de ft, ft', ^"-trioxytriethylsulfonium. 
II y a degagemeni de HC1, et le seJ entre en solution. Le produit 
rgactionnel est concentre a cristallisation dans un dessiccateur a vide. 
Les cristaux obtenus sont laves au benzene jusqu’a plus d’odeur de 
chlorure de thionyle. 

Le produit pur forme des aiguilles soyeuses, fortement hygro- 
scopiques, se decomposant au-dessus de 100°. Ainsi que cela a ddja 
ete signale plus haut, il n’exerce aucune action sur la peau. 

Analyse: Calcule pour C 6 H, 2 SCl 4 Cl 54-97% 

dont 13-74% pour l’ion chlore. 

Trouve: chlore total 54-21% dont 15-30% pour CV. 

Les essais ayant pour but la preparation directe de composes 
oxysulfonium par fixation d’iodure d'ethyle sur le sulfure d’ethyl- 
A-chloroethyle ou de /?, ^'-dichlorodiethyle, n’ont pas donne de resultats 
nets. Dans Pun et Pautre cas on obtient des produits huileux qu’on 
ne parvient pas a caractedser d’une maniere suffisante. 

Laboratoire de Chimie organique VTU 
Prague-Pohorelec (Tchecoslovaquie). 
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page ligne au lieu de Jisez 

253 35 rh am nose d rhamnose l 

373 30 acide hexadecanedioique octadecanedioi'que 

441 11 2-methyI-5.7-dinitronaphtol 111 2-methyl-5.7-dinitro-8-chloro- 

naphtalene IV 

445 23 2-methyl-5.7-dinilro-8-naph- 2.8-dimethyl-5.7-dinitronaph- 

talene talene 

445 24 naphtol dinitre naphtalene dinitre 

548 4 A. Sokol . A. Sobol 
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